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o\ 

^ (57) Abstract: The present invention relates generally to a method of inducing, promoting or otherwise facilitating a change in 
the phcnotype of an animal cell or group of animal cells including a animal comprising said cells. The modulation of phenotypic 

2 expression is comreniently accomplished via genotypic manipulation through such means as reducing translation of transcript to 
protdnaceous prodncL The ability to induce, promote or otherwise facilitate the silencing of expressible genetic sequences provides 

O a means for modulating Ac phenotype in, for example, the medical, veterinary and die animal husbandry industries. Expressible 

J> genetic sequences conten4)lated by the present invention including not only genes normally resident in a particular animal cell (i.e. 

1^ indigenous genes) but also genes introduced through recombinant means or ttirongh infection by pathogenic agents such as viruses. 
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GENETIC SILENCING 
FIELD OF THE INVENTION 

5 The present invention relates generally to a method of inducing, promoting or ottierwise 
facilitating a change in the phenotype of an animal cell or group of animal cells including a 
animal comprising said cells. The modulation of phenotypic expression is convenientiy 
accomplished via genotypic manipulation through such means as reducing translation of 
transcript to pioteinaceous product The ability to induce, promote or otherwise facilitate 

10 the silencing of expressible genetic sequences provides a means for modulating the 
phenotype in, for example, the medical, veterinary and the animal husbandry industries. 
Expressible genetic sequences contemplated by the present invention including not only 
genes nomially residrat in a particular animal cell (i.e. indigenous genes) but also genes 
introduced through recombinant means or through infection by pathogenic agents such as 

15 viruses. 

BACKGROUND OF THE INVENTION 

Reference to any prior art in this specification is not, and should not be taken as, an 
20 acknowledgment or any form of suggestion that this prior art forms part of the common 
general knowledge in Australia or any other country. 

Bibliographic details of the publications referred to by author in this specification are 
collected at the end of the description. 

25 

The increasing sophistication of recombinant DNA techniques is greatly facilitating 
research and development in the medical and veterinary industries. One important aspect 
of recombinant DNA technology is the development of means to alter the genotype by 
modulating expression of genetic material. A myriad of desirable phenotypic traits are 
30 potentially obtainable following selective ioactivation of gene expression. 
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Gene inactivation, that is, the mactivation of gene expression, may occur in c£r or in trans. 
For CIS inactivation, only the target gene is inactivated and other similar genes dispersed 
throughout the genome are not affected. In contrast, inactivation in trans occurs when one 
or more genes dispersed throughout the genome and sharing homology with a particular 

5 target sequence are also inactivated In the literature, the term "gene silwcing" is 
fiequently used. However, this is genially done without an appreciation of whether the 
gene silencing events are capable of acting in trans or in cis. This is relevant to the 
commCTcial exploitation of gene silencing technology since cis inactivation events are of 
less usefulness than evmts in trans. For example, there is less likelihood of success in 

10 targeting endogenous genes (e.g. plant genes) or exogenous genes (e.g. genes ftom 
pathogens) using techniques which promote cis inactivation. Furthermore, in instances 
where gene inactivation is monitored using a marker gene, it is frequently not possible to 
discriminate between cis and trans inactivation events. ThCTe is, therefore, confusion in the 
literature regaixiing the precise molecular mechanisms of gene inactivation (Garrick et al, 

15 1998; Pal-Bahdra et al, 1997; Bahiamian and Zarbl, 1999). 

The existing Uteratuie is extremely confused as to mechanisms of gene inactivation or gene 
silencing. For example, the term "antisense" is used to describe situations where genetic 
constmcts designed to express antisense RNAs are introduced into a cell, the aim being to 
20 decrease ejqjression of tiiat particular RNA. This strategy has been widely used 
experimentally and in practical £^lications. The mechanism by which antisense KNAs 
function is generally believed to involve duplex formation between the endogenous sense 
KNA and the antisense sequences which inhibits translation. There is, however, no 
unequivocal evidence that tiiis mechanism occurs at all in higher eukaryotic systems. 

25 

The term "gene silencing" is frequently used to describe inactivation of the «pression of a 
transgene in eukaryotic cells. There is much confusion in the literature as to the mechanism 
by which this occurs, although it is generally believed to result from transcriptional 
inactivatioiL It is unclear whettier this particular mechanism has any great practical utility 
30 since the expression of the gene itself is inactivated, ie. there is no trans inactivation of 
other genes. 
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In plants, fhe term ^^co-suppression" is used to describe precisely situations where a 
transgene is introduced stably into the genome and e?qxiessed as a sense -UNA. 
Suiprisingly, expression of such transgene sequences results in inactivation of homologous 
5 genes, Le. a sequence specific trans inactivation of gene e3q>ression ^apoli et aL, 1990; 
van der Krol et aL, 1990). The molecular phenotype of cells in which this occurs is well 
described in plant systems: a gene is transcribed as a precursor mKNA, but it is not 
translated Another term used to describe co-suppression is post-transcriptional gene 
inactivation. The disappearance of mRNA sequences is thought to occur as a consequmce 
10 of activation of a sequence specific RNA degradative system (Lindbo et aZ., 1993; 
Wateifaouse et al, 1999). There is considerable confiision witim fhe animal literature 
regarding the term '^co-suppression" (Bingfham, 1997). 

Co-sixppression, as defined by fhe specific molecular phenotype of gene transcription 
IS without translation^ has previously been considered not to occur in mammalian systems. It 
has been described only in plant systems and a lower eukaiyote, Neurospera (Cogom et 
al., 1996; Cogoni andMadno, 1997). 

In work leading up to the present invention^ the inventors have enaployed genetic 
20 manipulative techniques to induce gene silencing in animal cells. The genetic manipulative 
techniques involve fhe induction of post-transcriptional inactivation events. The inventors 
have fhmby provided a means for co*siqypression in animal cells. The induction of co- 
siq>pression in animal cells permits fhe manipulation of a range of phenotypes in animals. 
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SlIMMARY OF THE INVENTION 

Throughout this specification, unless the context requires otherwise, the word ''comprise", 
or variations such as "conq>rises** or "conoprising*', will be understood to imply the 
5 inclusion of a stated element or integer or groiQ) of elements or integers but not Ihe 
exclusion of any other element or integer or gjcoup of elemmts or integers. 

Nucleotide and amino acid sequences are referred to by a sequence identifier number (SEQ 
ID NO:). The SEQ ID NOs: correspond nmnerically to the sequence identifiers <400>1, 
10 <400>2, etc. A sequence listing is provided after Ibe claims. 

One aspect of the presmt invention provides a genetic construct comprising a sequence of 
nucleotides substantially identical to a target endogmous sequence of nucleotides in the 
genome of a vertebrate animal cell wherein upon introduction of said genetic construct to 
IS said animal cell^ an KNA transcript resulting fix»n transcription of a gene cornprising said 
endogenous target sequence of nucleotides ^chibits an altered csqpacity for translation into 
a proteinaceous product 

Another aspect of the present invention provides a genetic construct comprising:- 



20 



(i) 



a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal ceU; 



25 



a single nucleotide sequence substantially complementary to said 
target endogenous nucleotide sequence defined in (i); 



(iii) 



an intron nucleotide sequence separating said nucleotide sequence 
of (i)and(ii); 
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wherein yspon introduction of said construct to said animal cell, an RNA transcript 
resulting from transciq)tion of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for transcription. 

5 A further aspect of the present invention provides a genetic construct comprising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell; 

10 (ii) a nucleotide sequence substantially conxplementaiy to said target 

endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence s^arating said nucleotide sequence of 
(i)and(ii); 

15 

wherein upon introduction of said construct to said animal cell, an RNA transcript 
resulting fix>m transcr:q)tion of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product and 
wherein there is substantially no reduction in the level of transcription of said gene 
20 comprising the endogenous target sequence and/or total level of RNA transcribed finom 
said gene comprising said endogenous target sequence of nucleotides is not substantially 
reduced. 

Yet another aspect of the present invention provides a genetically modified vertebrate 
2S animal cell charactmzed in that said cell:- 

(i) conq}rises a sense copy of a target endograous nucleotide sequence 
introduced into said cell or a parent cell thereof; 
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(iQ comprises substantially no iirotemaceotis pixxiuct encoded by a gene 
conq>risiiig said endogenous target nucleotide sequence con^ared to 
a non-genetically modified fi>im of same cell; and 

S (iii) comprises substantially no reduction in the levels of steady state 

total KNA relative to a non-genetically modified fonn of the same 
ceU. 

Another aspect of the present invention provides a method of altering the phenotype of a 
10 vertebrate animal cell wherein said phenotype is conferred or otherwise facilitated by the 
expression of an endogenous gene, said method comprising introducing a genetic construct 
into said cell or a parent of said cell herein the genetic construct comprises a nucleotide 
sequence substantially identical to a nucleotide sequence comprising said endogenous gene 
or part thereof and wherdn a transcript exhibits an altered edacity for translation into a 
IS proteinaceous product compared to a cell witiiout having had the genetic construct 
introduced. 

Even yet another aspect of the present invention provides a genetically modified murine 
animal conqmsing a nucleotide sequence substantially idmtical to a target endogenous 
20 sequence of nucleotides in the genome of a cell of said murine animal wherein an RNA 
transcript resulting from transcription of a gene comprising said endogenous target 
sequence of nucleotides exhibits an altered capacity for translation into a proteinaceous 
product. 

25 Still a further aspect of tiie present invention is directed to the use of genetic construct 
comprising a sequence of nucleotides substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell in the generation of an 
animal cell ^erdn an KNA transcript resulting fix>m transcription of a gene comprising 
said endogenous target sequence of nucleotides exhibits an altered capacity for translation 

30 into a proteinaceous product 
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Anofher aspect of the present invention contemplates a method of genetic therapy in a 
vertebrate animal, said method comprising introducing into cells of said animal comprising 
a sequence of nucleotides substantially identical to a target endogenous sequence of 
nucleotides in the genome of said animal cells such that upon introduction of said 
5 nucleotide sequence, RNA transodpt resulting &om transcription of a gene comprising said 
endogenous target sequence of nucleotides exhibits an altered capacity for translation into 
a proteinaceous product. 
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BIUEF DESCRIPTION OF THE FIGUItES 

Flgare 1 is a diagrammatic representation of the plasmid, pEGFP-Nl. For further details, 
refer to Bxample 1. 

5 

Figure 2 is a diagranmiatic representation of the plasmid, pCMV.cass. For further details, 
refer to Example 11. 

Figure 3 is a diagrammatic representation of the plasmid, pCMV.BGI2,cass. For further 
10 details, refer to Example 11. 

Figure 4 is a diagrammatic representation of flie plasmid, pCMV.GFP.BGI2 JFG. For 
further details, refer to Example 12. 

15 Figure 5 is a diagrammatic representation of the plasmid, pCMV.EGFP. For fiulfa^ 
details, refer to Exan:q)le 12. 

Figure 6 is a diagranmiatic representation of the plasmid, pCMV"^.BGI2.cass. For further 
details, refer to Example 12. 

20 

Figure 7 is a diagrammatic representation of the plasmid, pCMV^".GFP.BGI2JFG. For 
further details, refer to Exanq>le 12. 

Figure 8 shows an example of Southern blot analysis of putative transgenic cell lines, in 
25 this instance porcine kidney cells (PK) which had been transformed with the construct 
pCMVJBGFP. Genomic DNA was isolated fiom PK-1 cells and transformed lines, 
digested with the restriction endonuclease BamHl and probed with a ^^P-dCTP labeled 
ECjFP DNA fragment Lane A is a molecular weigiht marker where sizes of each fragment 
are indicated in kilobases (kb); Lane B is the parental cell line PK-1. Lane C is A4, a 
30 transgenic EGFP-expressing PK-1 cell line; Lane D is C9, a transgenic non-expressing PK- 
1 cell line. 
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Figare 9 shows microgr^hs of PK-1 cell lines transfonned with pCMVJSGEP, viewed 
under noimal light and under fluorescence conditions designed to detect GFP, A: PK 
EGFP 2. 1 1 cells under normal light; B: PK EGFP 2.1 1 cells under fluorescence conditions; 
5 C: PK EGFP 2.18 cells under normal Ught; D: PK EGFP 2.18 cells under fluorescence 
conditions. 

Figure 10 is a diagranunatic representation of the plasmid, pCMV 3EV2.BGI2.2VEB. For 
further details, refer to Example 13. 

10 

Figure 11 is a diagrammatic representation of the plasmid, pCMV.BEVJaGFP.VEB. For 
further details, refer to 'Example 13. 

Figure 12 shows micrographs of CRIB-1 cells and a CRIB-1 transformed line [CRIB-1 
15 BGI2 # 19(tol)] prior to and 48 hr after infection with identical titres of BEV. A: CRIB-1 
cells prior to BEV infection; B: CJOB-l cells 48 hr after BEV mfection; C: CRIB-1 BGI2 
# 19(tol) cells prior to infection witii BEV; D: CRIB-1 BGI2 # 19(tol) 48 hr after BEV 
infection.For further details, refer to Bxample 13. 

20 Figure 13 is a diagrammatic representation of the plasmid, pCMV .TYR-BGI2 JIYT. For 
further details, refer to Exanq>le 14. 

Figure 14 is a diagrammatic representation of the plasmid, pCMV.TYR. For further 
details, refer to Example 14. 

25 

figure 15 is a diagrammatic representation of the plasmid, pCMV-TYR-TYR- For further 
details, refer to Example 14. 

Figure 16 shows levels of pigmentation in B16 cells and B16 cells transfonned with 
30 pCMV.TYILBGI2JtYT. Cell Imes are, ftom left to ri^t: B16, B16 2.1.6, B16 2.1.11, B16 
3.1.4, B16 3.1.15, B16 4.12.2 and B16 4.12.3. For further details, refer to Example 14. 
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Figure 17 is a diagrammatic r^esentadon of the plasmid, pCMV.GALT.BGI2.TLAG. 
For further details, refer to Example 16. 

S Figure 18 is a diagrammatic representation of the plasmid, pCMV All kJBGEXTM. For 
further details, refer to Example 17. 

Figure 19 is a diagrammatic representatioii of the plasmid, HER2.BGI2.2REH. For further 
details, refer to Example 18. 

10 

Figure 20 shows immunofluorescent micrographs of MDA-MB-468 ceUs and MDA-MB- 
468 cells transformed with pCMVJEfflR23GI2.2REH stained for HER-Z. A: MDA-MB- 
468 cells; B: MDA-MB-468 cells stained with only the secondary antibody; C: MDA-MB- 
468 1.4 ceUs stained for HER.2; D: MDA-MB.468 1.10 cells stained for HER-2. Foi: 
IS further details, refer to Example 18. 

Figure 21 shows FACS analyses of HER-2 expression in (A) MDA-MB-468 cells; (B) 
MDA-MB-468 1.4 cells; (Q MDA-MB-468 1.10 ceUs. For further details, refer to 
Bxample 18. 

20 

Figure 22 is a diagrammatic representation of the plasmid, pCMVJBRN2.BGI2.2NRB. For 
further details, refer to Example 19. 

Figure 23 is a diagrammatic rqiresentation of the plasmid, pCMV.YBl.BGI2.lBY. For 
25 further details, refer to Example 20. 

Figure 24 is a diagrammatic representation of the plasmid, pCMV.YBl.p53.BGI2.35p. 
IBY. For Further details, refer to Exanople 20. 

30 Figure 25 is a histograph showing viable cell counts after transfection with YB-l-related 
gene constructs and oligonucleotides. Viable cells were counted in quadruplicate samples 
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wifh a haemocytometer following stakiing with trypan blue. Column heights show the 
av^ge cell count of two independent transfection eiq>eiiments and vertical bars indicate 
the standard deviation. (A) Viable B10.2 cell counts 72 hr after transfection with gene 
constructs: ® control: pCMV.EGEP; (ii) pCMV.YB13GI2.lBY; (iii) 
5 pCMV.YBl.p53.BGI2.35p.lBY. All materials and procedures used are described in the 
text for E?can5)le 20. (B) Viable Pam 212 cell counts 72 hr after transfection with gene 
constructs: (i) control: pCMV.EGFP; (ii) pCMV.YBl.BGI2.lBY; (iii) 
pCMV.YBl.p533GI2.35p.lBY. All materials and procedures used are described in the 
text far Example 20. (C) Viable B10.2 cell counts 18 hr after transfection with 

10 oligonucleotides: (i) control: lipofectin (trademark) only; (ii) control: non-specific 
oligonucleotide; (iii) decoy Y-box oligonucleotide. All materials and procedures used are 
described in flie text for Example 20. (D) Viable Pam 212 cell counts 18 hr after 
transfection with oligonucleotides: (i) control: Lipofectin (trademark) only; (ii) control: 
non-specific oligonucleotide; (iii) decoy Y-box oligonucleotide. All materials and 

15 procedures used are described in the text for Exanq>le 20. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is predicated in part on the use of sense nucleotide sequences 
relative to an endogenous nucleotide sequence in a vertebrate animal cell to down-regulate 

5 expression of a gene comprising said endogenous nucleotide sequence. The endogenous 
nucleotide sequence may comprise all or part of a gene and may or may not indigenous to 
the cell. A non-indigenous gene includes a gene in the animal cell introduced by, for 
example, viral infection or recombinant DNA technology. An indigenous gene includes a 
gene which would be considered to be naturally present in the animal cell. The down- 

10 regulation of a target endogenous gene includes the introduction of the seose nucleotide 
sequence to that particular cell or a parent of that cell. 

Accordingly, one aspect of the preset invention provides a genetic construct comprising a 
sequence of nucleotides substantially identical to a target endogenous sequence of 
15 nucleotides in the genome of a vertebrate animal cell wherein upon introduction of said 
genetic construct to said animal cell, an RNA transcript resulting from transcription of a 
gene con:q)rising said endogenous target sequence of nucleotides exhibits an altered 
capacity for translation into a proteinaceous product. 

20 Reference to "altered capacit/' preferably includes a reduction in the level of translation 
such as from about 10% to about 100% and more preferably fiom about 20% to about 90% 
relative to a cell which is not genetically modified. In a particularly preferred embodimmt, 
the gene corresponding to the target endogenous sequence is substantially not translated 
into a proteinaceous product Conveniently, an altered capacity of translation is determined 

25 by any change of phenotype wherein the phenotype, in a non-genetically modified cell, is 
facilitated by the expression of said endogenous gene. 

Preferably the vatebrate animal cells are derived fit)m manmials, avian species, fish or 
reptiles. Preferably, the vertebrate animal cells are derived &om mammals. Mazmnalian 
30 cells may be fiom a human, primate, livestock animal (e.g. sheep, cow, goat, pig, donkey, 
horse), laboratory test animal (e.g. rat, mouse, rabbit, guinea pig, hamster), companion 
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animal (e.g. dog, cat) or captured wild animal. Particularly preferred mammalian cells are 
fiom human and murine animals. 

The nucleotide sequence in tiie genome of a vertebrate animal cell is referred to as a 
5 "genomic" nucleotide sequence and preferably corresponds to a gene encoding a product 
conferring a particular phenotype on the animal cell, group of animal cells and/or an 
animal comprising said cells. As stated above, the endogenous gene may be indigenous to 
the animal cell or may be derived from a exogenous source such as a virus, intracellular 
parasite- or introduced by recombinant or other phjrsical means. Reference, therefore, to 
10 "genome" or "genomic*' includes not only chromosomal genetic material but also 
extrachromosomal genetic matmal such as derived &om non-integrated viruses. Reference 
to a "substantially identical" nucleotide sequence is also CTicompassed by terms including 
substantial homology and substantial sinularity. 

1 5 Reference herein to a "gene" is to be taken in its broadest context and includes:- 

(i) a classical genomic g^e consisting of transcriptional and/or translational 
regulatory sequences and/or a coding region and/or non-translated sequences (i.e. 
introns, 5'- and 3 '-untranslated sequences); 

20 

(ii) mRNA or cDNA corresponding to the coding regions (i.e. exons) optionally 
comprising 5'- and 3'-untranslated sequences linked thereto; or 

(iii) an anp^lified DNA fragment or otiier recombinant nucleic acid molecule produced 
25 in vitro and comprising all or a part of the coding region and/or S'- or 3'- 

untranslated sequ^ces linked thereto. 

The gene in the animal cell genome is also referred to as a target gene or target sequence 
and may be, as stated above, naturally resident in tiie genome or may be introduced by 
30 recombinant techniques or other means,. e.g. viral infectioru The term "gene" is not to be 
constmed as limiting the target sequence to any particular structure, size or cottqiosition. 
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The target sequence or gene is any nucleotide sequence which is capable of being 
e3q)r6ssed to fonn a mRNA and/or a proteinaceous product The term "expressed" and 
related terms such as "e?q)ression" include one or both steps of transcription and/or 
translation. 

5 

In a preferred embodiment, tiie nucleotide sequence in the genetic construct fttrOier 
comprises a nucleotide sequence complementary to the target endogenous nucleotide 
sequence. 

10 Accordingly, another aspect of the present invention provides a genetic construct 
conQ^rising:- 

(i) a nucleotide sequence substantially identical to a target endogenous sequrace of 
nucleotides in the gmome of a vertebrate animal cell; 

15 

(ii) a single nucleotide sequence substantially complementary to said target 
endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of (i) and (ii); 

20 

wherein upon introduction of said construct to said animal cell, an RNA transcript 
resulting &om transcription of a gene conq>rising said endogenous target sequence of 
nucleotides exhibits an altered capacity for transoiptioiL 

25 Preferably, tiie identical and complementary sequences are separated by an intron 
sequmce. An example of a suitable intron sequence includes but is not limited to aU or part 
of a intron from a gene encoding /3-globin such as human jS-globin intron 2. 

The loss of proteinaceous product is conveniently observed by the change (e.g. loss) of a 
30 phenotypic property or an alteration in a genotypic property. 
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The target gene may encode a structural protein or a regulatory protein. A '•regulatory 
protein" includes a transcription &ctor, heat shock protein or a protein involved in 
DNA/RNA replication, transcription and/or translation. The target gene may also be 
resident in a viral genome whidi has integrated into the animal gene or is preset as an 
5 extrachromosomal element For example, the target gene may be a gene on an HIV 
genome. In tibis case, the genetic construct is useful in inactivating translation of the HIV 
gene in a mammalian cell. 

Wherein the target gene is a viral gene, it is particularly preferred ihat the viral gene 
10 encodes a function which is essential for replication or rqyroduction of the virus, such as 
but not limited to a DNA polymerase or RNA polymerase gene or a viral coat protein gene, 
amongst others. In a particularly preferred embodiment, the target gene coiuprises an RNA 
polymerase gene derived &om a single-stranded (+) RNA virus such as bovine CTterovirus 
(BEV), Sinbis alphavirus or a lentivirus such as but not limited to an immunodeficiency 
15 virus (e.g. HIV-1) or alternatively, a DNA polymerase derived firom a double-stranded 
DNA virus such as bovine herpes virus or herpes simplex virus I (HSVO^ amongst others. 

In a particularly prefeired embodiment, the post-transcriptional inactivation is preferably 
by a mechanism involving traits inactivation. 

20 

The genetic construct of the present invention generally, but not exclusively, comprises a 
synthetic gene. A "synthetic gene" comprises a nucleotide sequence which, when 
expressed inside an animal cell, down-regulates expression of a homologous gene, 
mdogenous to tiie animal cell or an integrated viral gene resident therein. 

25 

A synthetic gene of flie present invention may be derived fix>m naturally-occurring genes 
by standard recombinant techniques, the only requirement being that the synthetic gene is 
substantially identical or otherwise similar at the nucleotide sequence level to at least a part 
of the target gene, the expression of which is to be modified. By "substantially identical" is 
30 meant that the structural gene sequence of the synthetic gene is at least about 80-90% 
identical to 30 or more contiguous nucleotides of the target gene, more preferably at least 
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about 90-95% identical to 30 or more contiguous nucleotides of the target gene and even 
more preferably at least about 95-99% identical or absolutely identical to 30 or more 
contiguous nucleotides of the target gene. Alternatively, the gene is capable of hybridizing 
to a target gene sequence under low, preferably medium or more preferably high 
5 stringency conditions. 

Reference herein to a low stringency includes and encompasses from at least about 0 to at 
least about 15% v/v foimamide and fiom at least about 1 M to at least about 2 M salt for 
hybridization^ and at least about 1 M to at least about 2 M salt for washing conditions. 

10 Generally, low stringency is at from about 25-30^*0 to about 42°C. The temperature may 
be altered and hi^er temperatures used to replace foimamide and/or to give attemative 
stringency conditions. Alternative stringency conditions may be applied where necessary, 
such as medium stringency, which includes and encompasses fix)m at least about 16% vA^ 
to at least about 30% v/v foimamide and from at least about 0.5 M to at least about 0.9 M 

15 salt for hybridization, and at least about 0.5 M to at least about 0.9 M salt for washing 
conditions, or hig^ stringency, which includes and encompasses from at least about 31% 
v/v to at least about 50% v/v foimamide and from at least about 0.01 M to at least about 
0.15 M salt for hybridization, and at least about 0.01 M to at least about 0.15 M salt for 
washmg conditions. In general, washing is earned out at Tm = 69.3 + 0.41 (G+Q% 

20 ^armur and Doty, 1962). However, tibe Tm of a dvplex DNA decreases by 1**C with every 
increase of 1% in the number of mismatch base pairs CBonner and Laskey, 1974). 
Foimamide is optional in these hybridization conditions. Accordingly, particularly 
preferred levels of stringency are defined as follows: low stringency is 6 x SSC bufier, 
0.1% w/v SDS at 25-42^C; a moderate stringency is 2 x SSC buffer, 0.1% w/v SDS at a 

25 temperature in the range 20''C to 65'*C; high stringency is 0.1 x SSC bujBFer, 0.1 % w/v SDS 
at a temperature of at least 65''C. 

Generally, a synthetic gene of the instant invention may be subjected to mutagenesis to 
produce single or midtiple nucleotide substitutions, deletions and/or additions without 
30 affecting its ability to modify target gene expression. Nucleotide insertional derivatives of 
the syntiietic gene of the present invention include 5* and 3' terminal fusions as well as 
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intra-sequence insertions of single or multiple nucleotides. Insertional nucleotide sequence 
variants are fhose in which one or more nucleotides are introduced into a predetermined 
site in the nucleotide sequence although random insertion is also possible with suitable 
screening of the resulting product Deletional variants are characterized by the removal of 
5 one or more nucleotides fix>m the sequence. Substitational nucleotide variants are those in 
which at least one nucleotide in the sequence has been removed and a different nucleotide 
inserted in its place. Such a substitution may be *'silenf ' in that the substitution does not 
change the amino acid defined by the codon. Alternatively, substituents ate designed to 
alter one amino acid for another similar acting amino acid, or amino acid of like charge, 
• 10 polarity, or hydiophobicity. 

Accordingly, the present invention extends to homologs, analogs and derivatives of the 
synthetic genes described herein. 

15 For the present purpose, •'homologs" of a gene as hereinbefore defined or of a nucleotide 
sequence shall be taken to refer to an isolated nucleic acid molecule which is substantially 
the same as the nucleic acid molecule of the present invention or its complementary 
nucleotide sequence, notwithstanding the occurrence within said sequence of one or more 
nucleotide substitutions, insertions, deletions, or rearrangements. 

20 

"Analogs" of a gene as hereinbefore defined or of a nucleotide sequence set forth herein 
shall be taken to refer to an isolated nucleic acid molecule which is substantially the same 
as a nucleic add molecule of ttie present invention or its complementary nucleotide 
sequence, notwit h stan d ing the occurrence of any non-nucleotide constituents not normally 
25 present in said isolated nucleic acid molecule, for example, carbohydrates, radiochemicals 
inchiding radionucleotides, rq)orter molecules such as but not limited to DIG, alkaline 
phosphatase or horseradish pmxidase, amongst others. 

*T)erivatives" of a gene as hereinbefore defined or of a nucleotide sequence set forth hereui 
30 shaU be taken to refer to any isolated nucleic acid molecule which contains significant 
sequence similarity to said sequence or a part thereof 
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Accordingly, the structural gene component of the synthetic gene may comprise a 
nucleotide sequence which is at least about 80% identical or homologous to at least about 
30 contiguous nucleotides of an endogenous target gene, a foreign target gene or a viral 
5 target gene present in an animal cell or a homologue, analogue, derivative thereof or a 
complemCTtary sequence thereto. 

The genetic construct of the present invention generally but not exclusively comprises a 
nucleotide sequence, such as in the form of a synthetic gene, operably linked to a promoter 

10 sequence. Other components of the genetic constract include but are not limited to 
regulatory regions, transcriptional start or modi^dng sites and one or more genes encoding 
a reporter molecule. Further components able to be included on the genetic construct 
extend to viral components such as viral DNA polymerase and/or RNA polymCTase. Non- 
viral components include RNA-dependent RNA polymerase. The structural portion of flie 

15 synthetic gene may or may not contain a translational start site or 5'- and 3 '-untranslated 
regions, and may or may not encode the ftiU length protein produced by the corresponding 
endogenous mammalian gene. 

Anoth^ aspect of the present invention provides a genetic construct comprising a 
20 nucleotide sequence substantially homologous to a nucleotide sequence in the genome of a 
mammalian cell, said first-mentioned nucleotide sequence operably linked to a promoter, 
said genetic construct optionally further comprising one or more regulatory sequences 
and/or a gene sequence encoding a reporter molecule wherein upon introduction of said 
g^etic construct into an animal cell, the expression of the endogenous nucleotide 
25 sequences having homology to the nucleotide sequence on the genetic construct is 
inhibited, reduced or otherwise down-regulated via a process comprising post- 
transmptional modulation. 

Reference herein to a 'promoter'' is to be takoi in its broadest context and includes the 
30 transcriptional regulatory sequences of a classical genomic gene, including the TATA box 
which is required for accurate transcription initiation in eukaryotic cells, wi& or wi&out a 
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CCAAT box sequence and additional regulatory elements (i.e. iipstreani activating 
sequences, enhancecs and silencers). 

A promoter is usually, but not necessarily, positioned iq>stream or 5', of the structural gene 
5 conq>onent of the synthetic gene of the invention, the expression of which it regulates. 
Furthermore, the regulatory elements comprising a promoter are usually positioned within 
2 kb of the start site of transcription of the structural gene. 

In the present context, the term ''promoter'' is also used to describe a synthetic or fusion 
10 molecule or derivative which confers, activates or enhances expression of an isolated 
nucleic acid molecule in a matomalian cell. Another or the same promoter may also be 
required to function in plant, animal, insect, fimgal, yeast or bacterial cells. Preferred 
promoters may contain additional copies of one or more specific regulatory elements to 
further enhance e3cpression of a structural gene, which in turn regulates and/or alters the 
15 spatial expression and/or temporal expression of fhe gene. For example, regulatory 
elements which confer inducibility on the expression of the structural gene may be placed 
adjacent to a het0t>logous promoter sequence driving e^qpression of a nucleic acid 
molecule. 

20 Placing a structural gene under the regulatory control of a promoter sequence means 
positioning said molecule such that expression is controlled by the promoter sequence. 
Promoters are generally positioned 5' (upstream) to the genes that they control. In the 
construction of heterologous promoter/structural gene combinations, it is generally 
preferred to position the promoter at a distance from the gene transcription start site that is 

25 ^proximately the same as fho distance between that promoter and the gene it controls in 
its natural setting, i.e. the gene from which the promoter is derived. As is known in the art, 
some variation in tibis distance can be acconomodated without loss of promoter function. 
Sindlady, the preferred positioning of a regulatory sequence element with respect to a 
heterologous gene to be placed under its control is defined by the positioning of the 

30 element in its natural setting, i.e. the genes from which it is derived. Again, as is known in 
the art, some variation in this distance can also occur. 
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The promoter may regulate the repression of the structural geae component constitutively, 
or differentially witii respect to the cell, tissue or organ in which expression occurs, or with 
respect to the developmental stage at which expression occurs, or in response to stimuli 
S such as physiological stresses, regulatory proteins, hoimones, pathogens or metal ions, 
amongst others. 

Preferably, the promoter is capable of regulating expression of a nucleic acid molecule in a 
mammalian cell, at least during the period of time over which the target gene is expressed 
10 therein and more preferably also inimediately preceding the commencement of detectable 
expression of the target gene in said cell. Promoters may be constitutive, inducible or 
develqpmentaUy regulated. 

In the present contesct, the terms '^in operable connection wifli*' or "operably imder the 
IS control" or similar shall be taken to indicate that expression of the structural gene is under 
the control of the promoter sequence with which it is spatially coimected in a cell. 

The genetic constmct of the present invention may also comprise multiple nucleotide 
sequences each optionally qperably linked to one or more promoters and each directed to a 
20 target gene within flie animal celL 

A multiple nucleotide sequence may comprise a tandem repeat or concatemer of two or 
more identical nucleotide sequences or alternatively, a tandem array or concatemer of non- 
identical nucleotide sequences, the only requirement being that each of the nucleotide 

25 sequences contained therein is substantially identical to the target gene sequence or a 
complementary sequence ttiereto. Jn this regard, those skilled in the art will be aware that a 
cDNA molecule may also be regarded as a multiple structural gene sequence in the context 
of the present invention, inso&r as it conq)rises a tandem array or concatemer of exon 
sequences derived fiom a genomic target gene. Accordingly, cDNA molecules and any 

30 tandon array, tandem repeat or concatemer of exon sequences and/or intron sequences 
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and/or 5' -untranslated and/or 3' -untranslated sequCTces are clearly enconapassed by this 
embodiment of the invention. 

Preferably, the multiple nucleotide sequences comprise at least 2-8 individual structural 
5 gene sequences, more preferably at least about 2-6 individual structural geac sequences 
and more preferably at least about 2-4 individual structural gene sequences. 

The optimmn number of structural gene sequences which may be involved in the synthetic 
gene of the present invention will vary considerably, depending upon the length of each of 

10 said structural gene sequences, their orientation and degree of identitjr to each other. For 
example, those skilled in the art will be aware of the inherent instability of palindromic 
nucleotide sequences in vivo and the difQculties associated with constructing long 
synthetic genes comprising inverted repeated nucleotide sequ^ces, because of the 
tendency for such sequences to form hairpin loops and to recombine in vivo. 

15 Notwitiistanding such difiGculties, the optimimi nmnber of structural gene sequences to be 
included in the synthetic genes of flie present invention may be determined empirically by 
those skilled in the art, without any undue e}q>erimentation and by following standard 
procedures such as the construction of the synthetic gene of the invention \ising 
recombinase-deficient cell lines, reducing the number of repeated sequences to a level 

20 which eliminates or minimizes recombination events and by keeping the total length of the 
multiple structural gene sequence to an acceptable limit, preferably no more than 5-10 kb, 
more preferably no more than 2-5 kb and evCT more preferably no more than 0.5-2.0 ld> in 
length. 

25 In one embodiment, the effect of the genetic contruct including synthetic gene comprising 
the sense nucleotide sequence is to reduce translation of transcript to proteinaceous product 
while not substantially reducing the level of transcription of the target gene. AltCTiatively 
or in addition to, the genetic construct including synthetic gene does not result in a 
substantial reduction in steady state levels of total RNA. 

30 



wo 01/70949 



PCT/AUOl/00297 



-22- 

Accoidingly, a particularly preferred embodimeiit of fhe present inventiQn provides a 
genetic constract comprising:- 

0) a nucleotide sequence substantially identical to a target endog^ous sequence of 
5 nucleotides in fhe genome of a vertdnate animal cell; 

(ii) a nucleotide sequence substantially con^lementaiy to said target endogenous 
nucleotide sequence defined in (i); 

10 (iii) an intron nucleotide sequence separating said nucleotide sequence of (i) and (ii); 

wherein vpon introduction of said construct to said animal cell, an BNA transa:q>t 
resulting firom transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a ptoteinaceous product and 
IS wherein there is substantially no reduction in the level of transcription of said gene 
comprising the endogenous target sequence and/or total level of KNA transcribed fix)m 
said g^e conqnising said oidogenous target sequence of nucleotides is not substantially 
reduced. 

20 Preferably, the animal cell is a mammalian cell such as but not limited to a human or 
murine animal cell. 

The present invention fiirflier extends to a genetically modified vertebrate animal cell 
characterized in that said cell:- 

25 

(i) comprises a sense copy of a target endogenous nucleotide sequence introduced 
into said cell or a parent cell th^eof; and 

(ii) conqirises substantially no proteinaceous product encoded by a gene comprising 
30 said endogenous target nucleotide sequence conipared to a non-genetically 

modified form of same celL 
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The vertebrate animal cell according to this embodiment is preferably from a mammal, 
avian species, fish or reptile. More preferably, the animal cell is of mammalian origin such 
as from a himian, primate, livestock animal or laboratory test animal. Particularly preferred 
5 animal cells are from human and murine species. 

The nucleotide sequence comprising tiie sense copy of the target endogenous nucleotide 
sequence may further comprise a nucleotide sequence complementary to said target 
sequence. Preferably, the identical a^id complementary sequences are separated by an 
10 intron sequence such as, for example, from a gene encoding j3-globin (e.g. human jS-globin 
intron 2). 

Furthomore, in one embodiment, there is substantially no reduction in levels of steady 
state total RKA as a result of the introduction of a nucleotide sequence comprising the 
1 5 sense copy of the target sequence. 

Accordingly, the present invention provides a genetically modified vertebrate animal cell 
characterized in that said cell:- 

20 (i) comprises a sense copy of a target endogenous nucleotide sequence introduced into 
said cell or a parent cell thereojg 

(ii) comprises substantially no proteinaceous product encoded by a gene comprising 
said endogenous target nucleotide sequence conxpared to a non-genetically 
25 modified form of same cell; and 



(iii) comprises substantially no reduction in the levels of steady state total RNA relative 
to a non-genetically modified farm of the same celL 
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The present invention ftirtlier extends to transgenic including genetically modified animal 
cells and cell lines which exhibit a modified phenotype characterized by a post- 
transcriptionally modulated genetic sequence. 

5 Accordingily, anotiier aspect of the'present invention is directed to a animal cell in isolated 
fomi or maintained under in vitro culture conditions or an animal comprising said cells 
wherein the cell or its animal host exhibits at least one altered phenotype compared to the 
cell or an animal prior to genetic manipulation, said genetic manipulation conQ>rising 
introducing to an animal cell a genetic construct comprising a nucleotide sequence having 
10 substantial homology to a target nucleotide sequence within the genome of said animal cell 
and wherein the e3q>ressiQn of said target nucleotide sequence is modulated at the post- 
transcriptional level. 

Preferably, tiie nucleotide sequence on ttie genetic constmct is operably linked to a 
IS promoter. 

Optionally, the genetic constmct may conq>rise two or more nucleotide sequences, each 
operably linked to one or more promoters and each having homology to an endogenous 
mammalian nucleotide sequence. 

20 

The present invention extends to a genetically modified animal such as a mammal 
comprising one or more cells in which an endogenous gene is substantially transcribed but 
not translated resulting in a modifying phmotype relative to the animal or cells of the 
animal prior to genetic manipulation. 

25 

Another aspect of the present invention provides a genetically modified murine animal 
cominising a nucleotide sequence substantially identical to a target endogenous sequence 
of nucleotides in the genome of a cell of said murine animal wherein an KNA transcript 
resulting fiom transcription of a gene conqirising said endogenous target sequence of 
30 nucleotides exhibits an altered cspacity for translation into a proteinaceous product 
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Preferred murine aniTnals are mice and are useful inter alia as experimental animal models 
to test therapeutic protocols and to screen for fliers^eutic agents. 

In a preferred embodiment, the genetically modified murine animal further comprises a 
5 sequence complementary to the target endogenous sequence. Generally, the identical and 
complementary sequences may be s^arated by an intron sequence as stated above. 

The present invention ftirflier contemplates a method of altering the phenotype of a 
vertebrate animal cell wherein said phenotype is conferred or otherwise facilitated by the 

10 expression of an endogenous gene, said method comprising introducing a genetic construct 
into said ceU or a parent of said cell wherein the genetic construct comprises a nucleotide 
sequence substantially identical to a nucleotide sequence comprising said endogenous gene 
or part thereof and wherein a transcript exhibits an altered capacity for translation into a 
proteinaceous product compared to a cell without having had flie genetic construct 

15 introduced. 

Reference herein to homology includes substantial homology and in particular substantial 
nucleotide similarity and more preferably nucleotide identity. 

20 The term "similarity" as used herein includes exact idffltity between compared sequences 
at the nucleotide leveL Where there is non-identity at the nucleotide level, "similarity" 
includes differences between sequences which result in different amino acids that are 
nevertheless related to each other at the structural, functional, biochemical and/or 
conformational levels. In a particularly prefened embodiment, nucleotide sequence 

25 comparisons are made at the level of identity rather than similarity. 

Terms used to describe sequence relationships between two or more polynucleotides 
include **ieference sequence", "comparison window*', "sequence similarity", "sequence 
identit/', 'percentage of sequence similarity'*, "percentage of sequence identity", 
30 "substantially similai" and "substantial identity". A ••reference sequence" is at least 12 but 
firequentiy 15 to 18 and often at least 25 or above, such as 30 monomer units, inclxisive of 
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nucleotides, in length. Because two polynucleotides may each comprise (1) a sequence (i.e. 
only a portion of the complete polynucleotide sequence) that is sunilar between the two 
polynucleotides, and (2) a sequence that is divergent between the two polynucleotides, 
sequence conqparisons between two (or more) i>olynucleotides are typically performed by 
5 comparing sequences of the two polynucleotides over a **comparison window" to identify 
and compare local regions of sequence similarity. A ''con^arison window" refers to a 
conceptual segment of typically 12 contiguous residues that is conipaied to a refermce 
sequence. The comparison window may conqirise additions or deletions (i.e. gaps) of 
about 20% or less as conqiared to the reference sequence (which does not comprise 

10 additions or deletions) for optimal alignment of the two sequences. Optimal alignment of 
sequences for aligning a conq>arison window may be conducted by conq)uterized 
implementations of algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin 
Genetics Software Package Release 7.0, G^etics Computer Group, 575 Science Drive 
Madison, WI, USA) or by inspection and the best alignment (i.e. resulting in the highest 

IS p^ncentage homology over the comparison window) generated by any of the various 
methods selected. Refer^ce also may be made to the BLAST family of programs as, for 
example, disclosed by Altschul et al. (1997). A detailed discussion of sequence analysis 
can be found in Unit 19.3 of Ausubel et al (1998). 

20 The terms **sequence similarity^' and '^sequence identity" as used herein refer to the extent 
that sequences are identical or functionally or structurally similar on a nucleotide-by- 
nucleotide basis over a window of comparison. Thus, a '^percentage of sequCTce identity", 
for example, is calculated by comparing two optimally aligned sequences over the window 
of conq)arison, detCTxiining the number of positions at which the identical nucleic acid 

25 base (e.g. A, T, C, G, I) occurs in both sequmces to yield the number of matched positions, 
dividing the number of matched positions by the total number of positions in the window 
of conq^arison (i.e. the window size), and multiplying the result by 100 to yield the 
percentage of sequence identity. For the purposes of the present invention, "sequence 
identity" will be understood to mean the "match percentage" calculated by the DNASIS 

30 computer program (Version 2.5 for windows; available from Hitachi Software engineering 
Co., Ltd., Soutii San Francisco, California, USA) using standard defaults as used in the 



wo 01/70949 



PCT/AUOl/00297 



-27- 

reference manual accompanying the software. Similar comments apply in relation to 
sequence similarity. 

The present invention is further directed to the use of genetic construct comprising a 
5 sequence of nucleotides substantially identical to a target endogenous sequence of 
nucleotides in the genome of a vertebrate animal cell in the generation of an animal cell 
wherein an KNA transcript resulting fiom transcription of a gene comprising said 
endogenous target sequence of nucleotides exhibits an altered capacity for translation into 
a proteinaceous product. 

10 

Preferably, the vertebrate animal cell is as defined above and is most preferably a human 
or murine species. 

The construct may further comprise a nucleotide sequence complementary to said target 
15 endogenous nucleotide sequence and the nucleotide sequences identical and 
complementary to said target endogenous nucleotide sequences may be separated by an 
intron sequence as described above. 

In one embodiment, there is no reduction in the level of transcription of said gene 
20 comprising the endogenous target sequence and/or steady state levels of total KNA are not 
substantially reduced. 

Still a further aspect of the present invention contemplates a method of genetic therapy in a 
vertebrate animal, said method comprising introducing into cells of said animal comprising 
25 a sequence of nucleotides substantially identical to a target endogenous sequence of 
nucleotides in the genome of said animal cells such that upon introduction of said 
nucleotide sequence, RNA transcript resulting firom transcription of a gene comprising said 
endogenous target sequence of nucleotides exhibits an altered capacity for translation into 
a proteinaceous product 

30 
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Reference herdn to ''genetic therapy" includes gene ther^y. The genetic therspy 
contemplated by the present invention finther includes somatic gene therapy whereby cells 
are removed, genetically modified and thai replaced into an individual. 

5 Preferably, the animal is a human. 

The present invention is further described by the following non-limiting Examples. 
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EXAMPLEl 
Tissue culture manipulations 

To generate GFP expressing cell lines, PK-1 cells (derived fix)m porcine kidney epithelial 
5 cells) were transformed with a construct designed to express GFP, namely pEGFP-Nl 
(Clontech Catalogue No.: 6085-1; refer to Figure 1). 

PK-1 cells were grown as adher^it monolayers using Dulbecco's Modified Eagle's 
Medium (DMEM; Life Technologies), supplemented with 10% v/v Fetal Bovine Serum 

10 (FBS; TRACE Biosciences or Life Technologies). Cells were always grown in incubators 
at 37^C in an atmosphere containing 5% v/v CO2. Cells were grown in a variety of tissue 
culture vessels, depending on experimental requirements. The vessels used were: 96-well 
tissue culture plates (vessels containing 96 separate tissue culture wells each about 0.7 cm 
in diameten Costar); 48-weIl tissue culture plates (vessels containing 48 separate tissue 

15 culture wells, each about 1.2 cm in diameter; Costar); 6-well tissue culture plates (vessels 
containing 6 separate wells, each about 3.8 cm diameter. Nunc); or larger T2S and T75 
culture flasks (Nunc). For cells transformed with pBGFP-Nl, DMEM, 10% (vA^) FBS 
medium was JEurther supplemented with genetedn (Life Technologies); for initial selection 
of transformed cells, 1.5 mg/1 genetecin was used. For routine maintenance of transformed 

20 cells, 1 .0 mg/1 genetecin was used. 

In all instances, medium was changed at 48-72 hr intervals. This was accomplished by 
removing spent medium, washing the cell monolayers in the tissue culture vessel by 
adding Phosphate Buffered Saline (1 x PBS; Sigma) and gently rocking the culture vessel, 
25 removing the 1 x PBS and adding fiiesh medium. The volumes of 1 x PBS used in these 
manipulations wrae typically 100 nl, 400 |xl, 1 ml, 2 ml and 5 ml for 96-well, 48-well, 6- 
well, T25 and T75 vessels, respectively. Tissue culture media volumes were typically 200 
for 96-well tissue culture plates, 0.4 ml for 48-well tissue culture plates, 4 ml for 6-well 
tissue culture plates, 1 1 ml for T 25 and 40 vol for T75 tissue culture vessels. 

30 
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Duiing the course of these e3q>eiiments, it was frequently necessary to change culture 
vessels. To achieve this, monolayers were washed twice with 1 x PBS and then treated 
with trypsin-EDTA (life Technologies) far 5 min at 37®C. Under these conditions cells 
lose adherence and can be resuspended by trituration and transferred to DMEM, 10% vAr 
5 FBS, which stops tibie action of trypsin-QDTA. The volumes of 1 x PBS for washing and 
Trypsin-EDTA used for such manipulations were typically 100 (il, 400 ^1, 1 ml, 2 ml and 5 
ml for 96-well, 48-well, 6-well, T25 and T75 vessels^ respectively. 

In addition, it was sometimes necessary to count the number of resuspended cells, 
10 especially when biologically cloning transformed cell lines. To achieve this, cells were 
resuspended in an appropriate volume of DMEM, 10% vAr FES and an aliquot, typically 
100 ^1, was transferred to a hamocytometer (Hawksley) and cell numbers counted 
microscopically. 

IS Protocol for Freezing Cells 

During the co\use of the experiments, it was frequently necessary to store PK-1 cell lines 
for later use. To achieve this, monolayers were washed twice with 1 x PBS and then 
treated with trypsin-EDTA for 5 min at 37°C The PK-1 cells were resuspended by 

20 trituration and transferred to storage medium consisting of DMEM, 20% vA^ FBS and 10% 
vAr dimethylsulfoxide (Sigma). The concentration of PK-1 cells was determined by 
haemocytometer counting and further diluted to 10^ cells per mL Aliquots of PK-1 cells 
were transferred to 1.5 ml cryotubes (Nunc). The tubes of PK-1 ceUs were placed in a Cryo 
I'^C Freezing Container (Nalgene) containing propan-2-oI (BDH) and cooled slowly to - 

25 70®C. The tubes of PK-1 cells were then stored at -TO^'C. Reanimadon of stored PK-1 cell 
was achieved by warming the cells to O^C on ice. The cells were then transferred to a T25 
flask containing DMEM and 20% v/v FBS, and then incubated at 37°C in an atmosphere 
of5%v/vCQ2. 
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List of media components 

(a) Dulbecco 's Modified Eagle Medium (DMEM) 

5 Two commercial foimuladons of DMEM were used, both obtained from Life 
Technologies. The first was a liquid formulation (Cat. no, 11995), the second a powder 
formulation which was prepared according to the maaufacturer's specifications (Cat. no. 
23700). Both formulations were used in these experiments and were considered equivalent, 
despite minor modifications. The liquid formulation (1 1995) was:- 



10 



D-glucose 
Phenol Red 
Sodium pyruvate 



4,500 mg/1 
15mg/l 
llOmg/1 



15 



L-ArgLnine,HCl 
L^Cystine.2HCl 
L-Glutamine 
Glycine 

L-HistidineHCLHiO 



84 mg/1 
63 mg/1 
584 mg/1 
30 mg/1 
42 mg/1 
105mg/I 
105mg/I 
146 mg/1 
30 mg/1 
66mg/l 



20 



L-Isoleucine 



L-Leucine 



L-Lysine.HCl 
Lr-Methionine 



L-Phenylalanine 



25 



L-Serine 



42 mg/1 
95ing/l 
16 mg/1 
104 mg/1 
94mg/l 



L-Threonine 



L-Tryptophan 
L-Tyrosine.2Na.2 H2O 
L-Valine 



wo 01/70949 



PCT/AUOl/00297 



-32- 



CaCb 200mg/l 

Fe(N03)3.9H20 0.1 mgA 

KCl 400mg/l 

MgS04 97,67 mg/1 

5 NaCl 6,400 mg/l 

NaHCOs 3,700 mg/l 

NaH2P04.H20 125 mg/l 

D-Ca pantothenate 4 mg/l 

10 Choline chloride 4 mg/l 

Folic Acid 4 mg/l 

i-Inositol 7.2 mg/l 

Niacinamide 4 mgA 

Riboflavin 0.4 mg/l 

15 Thiamine HCl 4 mg/l 

Pyridoxine HCl 4 mg/l 



When reconstituted the powdered formulation (23700) was identical to flie above, except it 
contained HEPES at 4,750 mg; sodium pymvate and NaHCOa were omitted and NaCl was 
20 used at 4,750 mg/l, not 6,400 mg/l. 

(b) OPJl'MEMI (registered trademark) Reduced Serum Medium 

This is a commercial modification of MEM (Life Technologies Cat. No. 31985), designed 
25 to permit growth of cells in serum free medium. Such serum free media are conmionly 
used in CTperiments where cationic lipid transfectants such as GenePORTER2 (trademark) 
or LipofectAMINE (trademark) are used, since higher transfection frequencies are 
obtained. 
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(c) Phosphate Bvffered Saline (PBS) 

Phosphate bujSered salme was prqsared from a coimnercial powder mix (Sigma, Cat. No. 
P-3813) according to manu&cturer's instructions. A 1 x PBS solution 7.4) consists of. 

Na2HP04 10 mM 

KH2PO4 1.8 mM 

Naa 138 mM 

KQ 2.7 mM 

(d) Trypsin-EDTA 



' Trypsin-EDTA is commonly used to loosen adherent cells to permit their passage. In these 
experiments a commercial preparation (Life Technologies, Cat. No. 15400) was used. This 
15 is a 10 X stock solution consisting of: 

Trypsin 5 g/l 

EDTA.4Na 2 g/l 

NaCl 8.5 g/l 

20 

To prepare working stocks, this solution was diluted using 9 volumes of 1 x PBS. 

EXAMPLE 2 
Generating stable EGFP-transformed ceU lines 

25 

Transfomiations were performed in 6-well tissue culture vessels. Individual wells were 
seeded with 1 x 10^ PK-1 cells in 2 ml of DMEM, 10% v/v FBS, and incubated until the 
monolayer was 60-90% confluent, typically 24 to 48 hr. 



30 To transform a single plate (6 wells), 12 \ig of plasmid pBGFP-Nl and 108 jil of 
GenePORTER2 (trademark) (Gene Therapy Systems) were diluted mto Orn-MEM I 
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(registered trademaik) medium to obtain a final volume of 6 ml and incubated at room 
tenq>erature for 45 min. 

The tissue growth medium was removed fit>m each well and each well was washed with 1 
5 ml of 1 X PBS as described above. The monolayers were overlayed with 1 nd of the 
plasmid DNA/GenePORTER conjugate for each well and incubated at 37°C, 5% v/v CO2 
for 4,5 hr. 

One ml of Oph-MEM I (registered trademaik) supplemented with 20% v/v FBS was 
10 added to each well and the vessel incubated for a fiirther 24 hr, at which time cells were 
washed with 1 x PBS and medium was replaced with 2 ml of firesh DMEM including 10% 
v/v FBS. At this stage, monolayers were inspected for transient GFP ^ression using 
fluorescence miax>scopy. 

15 Forty-dght hr after transfection flie medium was rraioved, cells washed with PBS as above 
and 4 ml of firesh DMEM containing 10% v/v FBS supplemented with 1.5 mg/1 genetecin 
was added to each well; genetecin was included in the medium to select for stably 
transformed cell lines. The DMEM, 10% v/v FBS, 1.5 mg/1 genetecin medium was 
changed every 48-72 hr. After 21 days of selection, putatively transformed colonies were 

20 apparent At this stage, cells were transferred to larger culture vessels for expansion, 
maintenance and biological cloning. 

To remove transformed colonies, cells were treated with tr>psin-EDTA as desoibed above 
in Example 1 and transfenred to 11 ml of DMEM, 10% v/v FBS, 1.5 mg/l genetecin and 

25 incubated in a T25 culture vessel at 37**C and 5% v/v CO2. When these monolayers w^ 
about 90% confluent, cells were resuspended using Tiypsin-EDTA, then transferred to 40 
ml DMEM, 10% v/v FBS, 1.5 mg/1 geneticiiL Vessels were incubated at 37''C and 5% v/v 
CO2.. When monolayers became confluent, they were passaged every 48-72 hr by tiypsin- 
treating cells as above and diluting one tenth of the cells into 40 ntil fi:eshDMEM, 10% v/v 

30 FBS, 1.5 mg/1 genetedn. At this point, some cells were also fix>zen for long term 
maintenance. These cultures contained mixtures of transformed cell lines. 



wo 01/70949 



PCT/AUOl/00297 



-35- 

EXAMPLE3 
DUuiion cloning of transformed cell lines 

5 Transfonned cells were biologically cloned using a dilution strategy, whereby colonies 
were established ficom single cells. To support growth of single colonies, ''conditioned 
media" wctc used. Conditioned media were prepared by overlaying 20-30% confluent 
monolayers of PK-1 cells grown in a T75 vessel with 40 ml of DMEM containing 10% v/v 
FBS. Vessels were incubated at 37**C, 5% v/v CO2 for 24 hr, after which the growth 
10 medium was transferred to a sterile SO ml tube (Falcon) and centrifiiged at 500 x g. The 
growth medium was passed through a 0.45 pm filter and decanted to a fiesh sterile tube 
and used as "conditioned medium". 

A T75 vessel containing mixed colonies of transformed PK-1 cells at 20-30% confiuency 
IS was washed twice with 1 x PBS and cells sq)arated by trypsin treatment as described 
above, then diluted into 10 ml of DMEM, 10% v/v FBS. The cell concentration was 
determined microscopically using a haemocytometer slide and cells diluted to 10 ceUs per 
ml in conditioned medium. Single wells of 96-well tissue culture vessels were seeded with 
200 )xl of the diluted cells in conditioned medium and cells were incubated at 37''C gnd 5% 
20 v/v CO2 for 48 hr. Wells were inspected microscopically and those containing a single 
colony, arising from a single cell, were defined as clonal cell lines. Hie original 
conditioned medium was removed and r^laced with 200 ^1 of fiesh conditioned medium 
and cells incubated at 37^C and 5% v/v CO2 for 48 hr. Afi^ this time, conditioned medium 
was replaced witti 200 \il of DMEM, 10% v/v FBS and 1.5 mg/1 genetecin and cells again- 
25 incubated at 37^C and 5% v/v CO2. Colonies were allowed to expand and medimn was 
changed every 48 hr. 

When the monolayer tn an individual well was about 90% confluent, the cells were washed 
twice with 100 ^1 of 1 x PBS and cells loosened by treatment with 20 ^1 of 1 x PBS/1 x 
30 trypsin-EDTA as described above. Cells in a single well were transferred to a single well 
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of a 48-well culture vessel contaming 500 nl of DMEM, 10% v/v FBS and 1.5 |xg/ml 
g^etecin. Medium was changed every 48-72 hr as hereinbefore described. 

When a monolayer in an mdividual well of a 48-well culture vessel was about 90% 
5 confluent, the cells were transferred to 6-well tissue culture vessels using trypsin-EDTA 
treatment as described above. Separated cells were then transferred to 4 ml DMEM, 10% 
vAr FBS, 1.5 ng/ml geneticin and transfOTcd to a single weU of a 6-well tissue culture 
vessel. Cells were grown at 37°C and 5% v/v CO2 and colonies were allowed to expand. 
Medium was changed every 48 hr. 

10 

When monolayers in 6-well culture vessels were about 90% confluent, cells were 
transferred to T25 vessels using trypsin-EDTA as described above. When these 
monolayers were about 90% confluent, cells were transferred to T75 culture vessels, as 
described above. Once individual lines were established in T75 vessels they were either 
15 maintained by passaging every 48-72 hr using a one-tCTith dilution, or maintained as frozen 
stocks. 

EXAMPLE 4 
Preparation of nuclei for transcription run-on assigns 

20 

To analyze the status of transcription of individual genes in cloned transformed cell lines, 
nuclear run-on assays were performed. A monolayer of cells was established by seeding a 
T75 culture vessel with 4 x 10^ transformed PK-1 cells into 40 nal of DMEM, 10% v/v 
FBS and incubating cells until the monolayer was about 90% confluent. The monolayers 
25 were washed twice with 5 ml of 1 x PBS, separated by treatment with 2 ml trypsin-EDTA 
and transferred to 2 ml of DMEM including 10% v/v FBS. 

These cells were transferred to a 10 ml capped tube, 3 ml of ice-cold 1 x PBS was added 
and the contents mixed by inversioTL Transformed PK-1 cells were collected by 
30 centrifiigation at 500 x g for 10 min at 4**C, the supernatant was discarded and cells were 
resuspended in 3 ml of ice-cold 1 x PBS by gentle vortexing. Total cell numbers were 
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detemiined using a haemocytometer; a maximum of 2 x 10^ cells was used for subsequent 
analyses. 

Transfonned PK-1 cells were collected by centrifiigation at 500 x g for 10 min at 4*^0 and 
S resuspended in 4 ml Sucrose buffer 1 (0.3 M sucrose, 3 mM calcium chloride, 2 mM 
magnesium acetate, 0.1 mM EDTA, 10 mM Tris-HCl (pH 8.0), 1 mM dithioOireitol 
(DTT), 0.5% v/v Igepal CA-630 (Sigma)). Cells were incubated at 4**C for 5 min to allow 
tiiem to lyse &en small aliquots were eKamined by phase-contrast microscopy. Under these 
conditions lysis can be visualized. Homogenates were transferred to 50 ml tubes containing 
10 4 ml of ice-cold Sucrose bufier 2 (1.8 M sucrose, 5 mM magnesium acetate, 0.1 mM 
EDTA, 10 mM Tiis-Ha (pH 8.0), 1 mM DTT). 

To obtain efGcient transmption run-on assays, nuclei should be purified fiom other 
cellular debris. One method for this is to purify nuclei by ultra-centrifiigation through 
15 sucrose pads. The final concentration of sucrose in a cell homogenate should be suGQcimt 
to prevent a large build up of debris at the interface betwem homogmate and the sucrose 
cushion. Therefore, the amount of Sucrose buffer 2 added to the initial cell homogenate 
was varied in some instances. 

20 To prepare a sucrose pad, 4.4 ml ice-cold Sucrose buffer 2 was transferred to a polyallomer 
SW41 tube CBeckman). Nuclear preparations were carefully layered over the sucrose pad 
and centrifuged for 45 min at 30,000 x g (13^00 rpm in SW41 rotor) at 4®C. The 
supernatant was removed and the pelleted nuclei loosened by gentle vortexing for 5 
seconds. Nuclei were resuspended by trituration in 200 pi ice cold ^ycerol storage buffer 

25 (50 mM Tris-HCl (pBi 8.3), 40% vA^ glycerol, 5 mM magnesium chloride, 0.1 mM EDTA) 
per 5 X 10^ nuclei. One hundred microUtres of this suspension (approximately 2.5 x 10^ 
nuclei) was aliquoted into chilled microcentrifuge tubes and 1 |il (40 XJ) KNasin (Promega) 
was added. Usually such extracts were used immediately for transcription run-on assays, 
althou^ they could be fix>zen on dry ice and stored at -VO^'C or in liquid nitrogen for later 

30 use. 
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EXAMPLE5 
Nuclear transcription run-on assays 

All NTPs were obtained ftom Roche. Nuclear run-on reactions were initiated by adding 
5 100 Hi of 1 mM ATP, 1 naM CTP, 1 mM GTP, 5 mM DTT and 5 ^il (50 ^Ci) [a^^P]-UTP 
(GeneWorks) to 100 p.1 of isolated nuclei, prepared as hereinbefore described. The reaction 
mix was incubated at 30°C for 30 min with shaking and terminated by adding 400 ^il of 4 
M guanidine fbiocyanate, 25 mM sodimn citrate (pH 7.0), 100 mM 2-mercaptoethanol and 
0,5% v/v N-lauryl sarcosine (Solution D). To purify in vitro synthesized RNAs, 60 jil 2 M 
10 sodium acetate (pH 4,0) and 600 fil water-saturated phenol was added and the mixture 
vortexed; an additional 120 ^1 chlorofoim/isoamylalcohol (49:1) was added, the mixture 
vortexed and phases separated by centrifiigation. 

The aqueous phase was decanted to a fiesh tube and 20 )ig tRNA added as a carrier. SNA 
15 was precipitated by the addition of 650 ^l isopropanol and incubation at -20''C for 10 nun. 
KNA was collected by centrifiigation at 12,000 rpm at 4^C for 20 min and tiie pellet was 
rinsed with cold 70% v/v eflianoL The pellet was dissolved in 30 |il of TE pH 7.3 (10 mM 
Tris-HCl, 1 mM EDTA) and vortexed to resuspend the pellet. 400 \iL of Solution D was 
added and flie mixture vortexed. The KNA was precipitated by the addition of 430 jil of 
20 isopropanol, incubation at -20**C for 10 mins and centrifiiged at 10,000 g for 20 nains at 
4°C. The siq)ematant was removed and the RNA pellet washed with 70% v/v ethanol. The 
pellet was resuspended in 200 fil of 10 mM Tris (pH 7.3), 1 mM EDTA and incorporation 
estimated with a hand-held geiger counter. 

25 To prepare the radioactive KNAs for hybridization, sanq)les were precipitated by adding 
20 ^1 3 M sodium acetate pH 5.2, 500 ^1 ethanol and collected by centrifiigation at 12,000 
X g and 4°C for 20 min. The stqperoatant was removed and the pellet resuspended in 1.5 ml 
of hybridization buffer (MRC #HS 1 14F, Molecular Research Centre Inc.). 
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EXAMPLE6 
Dot blot filter preparation 

Dot blot filters were prepared for the detection of ^^P-labelled nascent inKNA transcripts 
5 prepared as hereinbefore described. A Hybond NX filter (Ameisham) was prepared for 
each PK-1 cell line analyzed. Each filter that was prepared contained four plasmids at four 
successive one-fifib dilutions. The plasmids were pBluescript (registered trademark) n 
SK* (Stratagene), pGEMActin (Department of Microbiology and Parasitology, University 
of Queensland), pCMV.Galt, and pBluescriptEGFP. 

10 

The plasmid pCMV.Galt was constructed by replacing the EGEP open reading firame of 
pEGFP-Nl (Clontech) with the porcine a-l,3-galactosyltransferase (GalT) structural gene 
sequence. Plasmid pEGFP-Nl was digested with PinM and Not I, blunted-ended using 
Pful polymerase and then re-ligated creating the plasmid pCMV.cass. The GalT structural 
15 gene was excised fix>m pCDNA3,GalT (Bresagen) as an EcoRI firagment and ligated into 
the EcdBI site of pCMV.cass. 

The plasmid pBluescriptEGFP was constructed by excising the EGEP open reading firame 
of pEGFP-Nl and ligating this firagment into the plasmid pBluescript (registered 
20 trademark) II SK*. Plasmid pEGEP-Nl was digested wi& NotI and Jffiol and the fiagment 
NotVEG¥P'Xho was then Ugated into the No& and Xhol sites of pBluescript n SK*. 

Ten micrograms of plasmid DNA for eadi construct was digested in a volume of 200 yl 
wifli the EcdBJL The mixture was extracted wifli phenol/chloroform/isoamylalcohol 
25 followed by chloroforati^oamylalcohol extracted, tixen ethanol precipated. The plasmid 
DNA pellet was suspended in 500 |xl of 6 x SSC (0.9 M Sodium Chloride, 90 mM Sodium 
atrate; pH 7.0) and then diluted in 6 x SSC at concentrations of 1 ng/50 (il, 200 ng/50 fil, 
40 ng/50 (il and 8 ng/50 )il. The plasmids was heated to lOO^'C for 10 min and tiien cooled 
on ice. 

30 
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An 8 X 1 1.5 cm piece of Hybond NX filter was soaked in 6 x SSC for 30 min. The filter 
was then placed into a 96-well (Smm) dot-blot apparatus (Life Technologies) and vacuum 
locked Five hundred microlitres of 6 x SSC was loaded per slot and the vacuum applied. 
While maintaining the vacuum, 50 p.1 of each plasmid DNA concentration for each plasmid 

5 was loaded onto the fiilter as a 4 x 4 matrix. This was replicated six times across the filter. 
While maintaining the vacuum, 250 jil of 6 x SSC was loaded per slot The vacuum was 
tiien released. The filter was placed (DNA side up) for 10 min on blotting psper soaked in 
denaturing solution (1.5 M Sodium Chloride, 0.5 M Sodium Hydroxide). The filter was 
then transferred to blotting paper soaked in neutrahsing solution and soaked for 5 min in 1 

10 M sodium chloride, 0.5 M Tris-HCl (pH 7.0), 

The filter was placed in a GS Gene Linker (Bio Rad) and 150 mJoules of energy applied to 
cross-link the plasmid DNA to the filter. The filter was rinsed in sterile water. To check flic 
success of the blotting procedure, the filter was stained with 0.4% v/v methylene blue in 
15 300 mM sodium acetate (pH 5.2) for 5 min. The filter was rinsed twice in sterile water and 
then de-stained in 40% v/v ethanol. The filter was then rinsed in sterile water to remove the 
ethanol and cut into its six individual replicates of the four-plasmid/concentration matrix. 

EXAMPLE? 

20 Filter Hybridization of Nuclear Transcripts 

Dot blot or Southern blot filters were transferred to a 10 ml MacCartney bottle and 2 ml of 
prdiybridization solution (Molecular Research Centre Inc. # WP 1 17) added to each bottle. 
Filters were incubated at 42**C overnight in an incubation oven with slow rotation 
25 (Hybaid). 

The prehybridization buffer was removed and replaced with 1.5 ml of hybridization buffer 
(MRC 114F, Molecular Research Centre Inc.) containing ^^P-labelled nascent RNA, 
as described in Examples 5 and 6, and this probe was hybridized to the filters at 42^C for 
30 48 hr. 
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Following hybridization, the radioactively-labelled hybridi2sation buffer was removed and 
the filters washed in washing solution (MRC #WP 117). Filters were washed in a total of 5 
changes of wash solution, each change being 2 ml. The washes were performed in the 
hybridization oven; the first three washes were at 30**C, the last two washes at 50°C. 

5 

To fiirther increase stringency and reduce background, filters were treated with KNase A. 
Filters were placed into 5 ml 10 jig/ml RNase A (Sigma), 10 mM Tris (pH 7.5), 50 mM 
NaCl and incubated at 37**C for 5 mm 

1 0 Filters were th^ wn^ed in plastic wrq> and exposed to X-ray film 

EXAMPLES 
Co-suppression in mammalian cells: EGFP 

15 Six PK-1 cell lines have thus far been examined. These six lines consist of one 
untransformed control line (wild type) and five lines transformed with the construct 
pCMV.EGFP (refer to Exanqple 1). Two of these five lines are positive for EGFP 
expression as visualized by microscopic examination under UV light All cells of the 
monolayer firom line A4g are EGFP positive, while ^proximately 0.1% of the monolayer 

20 cells for line A7g are EGFP positive. The remaining lines C3, C8, and CIO are visually 
negative for EGFP expression. 

Nuclear transcription run-on assays were performed as described in Examples 4 to 7, 
above. la filter hybridization analysis of the labelled iiroducts the inclusion of the four 
25 plasmids at four concratrations serves two puiposes. The four concmtrations specifically 
indicate the minimum concentration of target plasmid required to detect the target mRNA 
transcrq)t The four plasmids serve as specific targets and controls for the experiment The 
plasmids serve the following functions. 
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pBluescriptnst^ 

This plasmid is to check for non-specific hybridization of synthesized nuclear RNA to the 
plasmid backbone common to all the target constructs used. 

S pBbiescriptJEGFP 

This plasmid is the target of ^^P-labelled nuclear EGFP KNA. Hybridizatibn to this 
plasmid indicates active transcription of EGFP KNA. This was evident in lines A4g, A7g, 
C3 and C8, but not evident in line CIO. 



10 



15 



20 



pCMV.GalT 

GalT (a-l,3-galactosidyl transferase) is an endogenous porcine gene. This plasmid thus 
serves as a positive control target for an endogenous porcine gene. 

pGenuActin 

P-actin is a ubiquitous gene of eukaryotes and a common mSNA species. This plasmid, 
containing a chicken p-actin cDNA sequence, serves as an additional positive control. 

The following conclusions can be drawn fiom the results of these experiments: 



(1) Non-specific hybridization to the plasmid backbone of these constructs did not 
occur. Hybridization to the GalT positive control did not occur for all lines, in 

25 agreement with e3q>ectation since the mKNA of this gene is not abundant 

(2) Hybridization to the P-actin gene positive control occurred for all lines in 
agreement with e^ectation, given the mRNA of this gene is abundant 
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(3) Hybridization to fbe EGFP gene by nascent KNA for the lines A4g and A7g 

was as expected based on visual observations of EGFP e?q)ression in these 
lines. 

5 (4) Hybridization to the EGFP gene by nascent KNA for silenced lines C3 and C8 

is indicative of co-suppression of EGFP transcripts under normal growth 
conditions for these tines. 

(5) Co-suppression activity in line CIO has not been demonstrated in this 

10 exp^iment 

Table 1 summarizes the e:q>ected outcome and the observed outcomes for the 
hybridization of ^^P-labelled nuclear KNA to the aforementioned plasmids. Table 1 also 
indicates the miniminn concentration of target plasmid DNA for which hybridization of the 
15 specific nuclear KNA was ons^ved. 



TABLE 1 
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1 
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Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


CIO 


No 


1 Mg 


Nil 
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Hyb'n 
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Hyb'n 


Nfl 
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Hyb'n 



20 EGFP Ejqjress - EGFP Expression 
Ejcp = Eqpected result for PTGS 
Obs = Observed result 
Hyb'n = hybridization 
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EXAMPLE9 
Co-suppression of genes 

5 The invCTtois demonstrate co-suppression of a transg^e, enhanced green fluorescent 
protein (EGFP), in cultured porcine kidney cells. The inventors fturther demonstrate co- 
suppression of abroad range of endogenous genes in different cell types and agents such as 
viruses^ cancers and transplantation antigen. Particular targets include: 

10 (a) Bovine enterovirus (BBV). Frozen lines of BEV-transformed cells are revived 

and grown througji many generations over several weeks/months before being 
challenged with BEV. Cells that are efifectively co-suppressed are not killed by 
die virus immediately. This viral-tolerant phenotype provides a demonstration 
of utility. 

15 

(b) Tyrosinase, the product of a gene essential for melanin (black) pigment 

formation in skin. Silencing of the tyrosinase gene is readily detected in 
cultured mouse melanocytes and subsequently in black strains of mice. 

* 

20 (c) Galactosyl transferase (GalT). Silencing of the GalT gene occurs in parallel 

with cell death althou^ GalT itself is not essential to cell survival. The 
inventors assume that cell death occurs because GalT is one member of a gene 
fiunily, where members of the fiunily share a similar DNA sequCTce(s), 
reflecting similarity of function (transfer of sugar residues). Some of tiiese 

25 genes may be essential to cell survival. The inventors transform pig cells with 

3 ' untranslated region (3 '-UTR) of the GalT gene, ratho: than the entire gene, to 
target segments that are unique to GalT for degradation, and hence silence GalT 
alone. 



30 (d) 



Thymidine kinase (TK) converts thymidine to thymidine monophosphate 
(TMP). The dmg S-bromo-2'-deoxyuridine OBrdU) selects cells that have lost 
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TK. Jn cells witii fiiiictioning TK, the enzyme converts the drug analogue to its 
corresponding S'-monophosphate, whidi is lethal once it is incorporated into 
DNA, N1H/3T3 cells are transfinmed with a construct comprising the TK gene. 
Cells that are effectively co-siq>pressed will tolwate the addition of BrdU to the 
5 growth medium and will continue to replicate. 

(e) A cellular oncogene such as HER-2 or Bm'2, associated with transformation of 

normal cells into cancer cells. 

10 (f) A cell sur&ce antigen on a human and/or mouse hamiopoietic (**blood- 

fomaing*') cell line. These cells are the precursors of white blood cells, 
responsible for immunity; they are characterized by specific surface antigens 
which are essential to their immune functiozL A particular advantage of this 
system is tiiat the cells grow in suspension (rather than being attached to the 

IS culture vessel and to each other) so are easily examined by microscope and 

quantified by fluorescence activated cell sorting (FACS). In addition, a vast 
range of reagents is available for identifying specific antigens. 

(g) Tyrosinase, the product essential for melanin (black) pigment production in 

20 melanocytes in mice. In transgenic mice, inactivation of the endogenous 

tyrosinase can be readily detected as a change in coat colour of animals in 
. strains that normally produce melanin. Such a phenotype provides 
demonstration of utUity in transgenic animals. 

25 (h) Galactosyl transferase (GalT) catalyses the addition of galactosyl residues to 

cell surface proteins. Inactivation of GalT in transgenic mice can be readily 
detected by assaying tissues of transgenic animals for loss of galactosyl 
residues and provides demonstration of utility in transgenic animals. 



30 (i) 



YB-1 (Y-box DNA/RNA-binding factor 1) is a transcription factor that binds, 
inter alia^ to tilie promoter region of the pS3 gene and in so doing represses its 
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ejqpressioii. In cancer cells tbat express normal p53 protein at normal levels 
(some 50% of all human cancers), the expression of p53 is under the control of 
YB-1, such that silencing of YB-1 results in increased levels of p53 protein and 
consequent apoptosis. 

5 

EXAMPLE 10 
Generic techniques 

1. Tissue culture manfyulations 

10 

(a) Adherent cell lines 

Adherent cell monolayers were grown, maintained and counted as described in Example 1 . 
Growth medium consisted of either DMEM supplemented with 10% y/v FBS or KPMI 
15 1640 Medium (Life Technologies) supplemented with 10% v/v FBS. Cells were always 
grown in incubators at 37®C in an atmosphere containing 5% v/v CO2. 

During ttie course of these experiments it was frequently necessary to passage the cell 
monolayer. To achieve this, the monolayers were washed twice with 1 x PBS and then 

20 treated with trypsin-EDTA for 5 min at ST'C, The volumes of trypsin-EDTA used for such 
manipulations were typically 20 jil, 100 |il, 500 jil, 1 ml and 2 ml for 96 well, 48 well, 6 
well, T25 and T75 vessels, respectively. The action of the trypsin-EDTA was stopped with 
an equal volume of growtti medium. The cells were suspended by trituratioiL A 1/5 volume 
of ttie cell suspension was then transferred to a new vessel containing growth medium. 

25 Tissue culture medium volumes were typically 192 nl for 96-well tissue culture plates, 360 
jil for 48-well tissue culture plates, 3.8 ml for 6-well tissue culture plates, 9.6 nil for T25 
and 39.2 ml for T75 tissue culture vessels. 



Cell suspensions were counted as described in Exansple 1, above. 

30 
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(b) Non-adherent cells 

Non-adhereat cells were grown in growth medium similarly to adherent cell lines. 

5 As in fhe case of adherent monolayers, frequent changes of tissue culture vessels were 
necessary. For T25 and T75 vessels, the cell suspension was removed to 50 ml sterile 
plastic tubes (Falcon) and centrifuged for 5 min at 500 x g and 4*'C. The supernatant was 
then discarded and the cell pellet suspended in growth medium. The cell suspension was 
then placed into a new tissue culture vessel. For 96-weU, 48-well, and 6-well vessels, the 
10 vessels were centrifuged for 5 min at 500 x g and 4®C. The supernatant was iJien aspirated 
away fiom the cell pellet and the cells suspended in growth medium. The cells were then 
transferred to a new tissue culture vessel. Tissue culture media voltmies were typically 200 
^il for 96-well tissue culture plates, 400 ^1 for 48-well tissue culture plates, 4 ml for 6-well 
tissue culture plates, 1 1 ml for T25 and 40 ml for T75 tissue culture vessels. 

15 

Passaging the cell suspensions was achieved in the following mamer. Cells were 
centrifuged for 5 min at 500 x g and 4°C and suspended in 5 ml growth medium. Then 0.5 
ml (T25) or 1.0 ml (T75) of the cell suspension was transferred to a new vessel containing 
growth medium. For cells in 96-well, 48-well, and 6-well plates, a 1/5 volume of cells was 
20 transferred to the corresponding wells of a new vessel containing 4/5 volume of growth 
medium. 

Cells were counted as described for adherent cells. 

25 2. Protocol for freezing cells 

Cells stored for later use were frozen according to the protocol outlined in Example 1, 
above. Adherent monolayers were washed twice with 1 x PBS and then treated with 
trypsin-EDTA (Life Technologies) for 5 min at ST^'C. Non-adherent cells were centrifuged 
30 for 5 min at 500 x g and 4*'C. The cells were suspended by trituration and transferred to 
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storage medium consisting of DMEM RPMI 1640 supplemented with 20% v/v FBS and 
10% v/v dimethylsulfoxide (Sigma). 

5. Cloning of cell lines 

5 

Adherent and non-adherent mammalian ceU types were transfected with specific plasmid 
vectors carrying expression constructs to target specific genes of interest Stable, 
transformed cell colonies were selected over a period of 2-3 weeks using cell growth 
medium (either DMEM, 10% v/v FBS or RPMI 1640, 10% v/v FBS) supplemented with 
10 geneticin or puromycin. Individual colonies were cloned to establish new transfected cell 
lines. 

(a) Adherent cells 

IS As opposed to the dilution cloning method outlined in Example 3, above, in fiirflier 
exanqiles using adherent cells, individual lines were cloned fixym discrete colonies as 
follows. First, the medium was removed fit)m an individual well of a 6-weIl tissue culture 
vessel and the cell coloxiies washed twice with 2 ml of 1 x PBS. Next, individual colonies 
were detached fit>m the plastic culture vessel with a sterile plastic pipette tip and moved to 

20 a 96-well plate containing 200 ^l of conditioned medium (see Example 1) supplemented 
with either geneticin or puromycin. The vessel was then incubated at 37®C and 5% v/v 
COa for approximately 72 hr. Individual weUs were microscopically examined for growing 
colonies and the medium replaced with fii^esh growth medium. When the monolayer of 
each stable line had readied about 90% confluency it was transferred in successive steps as 

25 previously described until the stable, transformed line was housed in a T25 tissue culture 
vessel. At this point, aliquots of each stable cell line were fix>zen for long term 
maintenance. 

^) Non-adherent cells 
30 • 

Non-adherent cells were cloned by the dilution cloning method described in Example 3. 
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4. Cell ntt€jei isolation protocol 

(a) Adherent cells 

5 

A 100 mm Petri dish (Costar) or T75 flask containing 30 ml of growth medium (DMEM or 
RPMI 1640) including 10% vAr FBS was seeded with 4 x 10^ cells and incuhated at ZTQ 
and 5% v/v CO2 until the monolayer was about 90% confluent (overnight). The Petri dish 
containing the monolayer was placed on a bed of ice and chilled before piocessmg. 
10 Medium was decanted and 8 ml of 1 x PBS (ice cold) was added to the Petri dish, and the 
tissue monolayer washed by gently roddng the dish. The PBS was again decanted and the 
wash repeated. 

The tissue monolayer was overlaid with 4 ml of ice-cold sucrose buffer A [0.32 M sucrose; 

15 0,1 mM EDTA; 0,1% v/v Igepal; 1,0 mM DTT; 10 mM Tiis-HCl, pH 8,0; 0.1 mM PMSF; 
1.0 mM EGTA; 1.0 mM SpCTnidine] and cells lysed by incubating diem on ice for 2 min. 
Using a cell server, adherent cells were dislodged and a small aliquot of cells examined 
by phase-contrast microscopy. If the cells had not lysed, they were transferred to an ice- 
cold dounce homogenizer (Braun) and broken with 5-10 strokes of a type S pesfle. 

20 Additional strokes were sometimes required. Cells were then examined microscopically to 
verify that nuclei were free from cytoplasmic debris. Ice-cold sucrose buffer B [1.7 M 
sucrose; 5,0 mM magnesium acetate; 0.1 mM EDTA4 1.0 mM DTT. 10 mM Tris-HCl, pH 
8.0; 0.1 mM PMSF] (4 ml) was then added to the Petri dish and the buffers mixed by 
gentle stirring with the cell scrsper. The final concentration of sucrose in cell homogenates 

25 should be su£5cient to prevent a large build-up of debris at the inter&ce between flie 
homogenate and tiie sucrose cushion. The amount of sucrose buffer 2 added to cell 
homogenate may need to be adjusted accordingly. 
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(b) Non-adherent cells 

A T75 tissue culture vessel containing 30 ml of growth medium (DMEM or RPMI 1640) 
including 10% v/v FBS was seeded with 4 x 10^ cells and incubated at ST'C and 5% v/v 
5 CO2 overnight. 

The contents of the T75 flask were transferred to a 50 ml screw-capped tube (Falcon), 
which was placed on ice and allowed to chill before processing. The tube was centrifuged 
at 500 X g for 5 mm m a chilled centrifuge to peUet cells. Medium was decanted, 10 ml of 
10 1 X PBS (ice cold) added to the tube and the cells suspended by gentle trituration. The PBS 
was again decanted and the wash rcpeated. 

Cells were suspended in 4 ml of ice-cold sucrose buffer A and lysed by incubating on ice 
for 2 rnin and, optionally, by dounce homogenisation, as described above for adherent cells 
15 lines. 

(c) Isolation protocol 

Nuclei were isolated jBx>m cellular debris by sucrose pad centrifugation, according to the 
20 protocol described in Example 4, except that sucrose buffers 1 and 2 were r^laced by 
sucrose buffers A and B, respectively. 

5. Nuclear transcription run-^n protocol 

25 Example 5 provides the method, by nuclear transcription run-on protocol, for the 
preparation of [a-^^P]-UTP-labelled nascent RNA transcripts for gene-specific detection 
by filter hybridization (Examples 6, 7 and 8). To detect gene-specific transcription run-on 
products, an alternative approach to filter hybridization is the ribonudease protection 
assay. Strand-specific, gene-specific xmlabelled RNA probes are prepared usmg standard 

30 techniques. These are annealed to ^^P-labelled RNAs isolated from transcription run-on 
experiments. To detect double-stranded RNA, annealing reaction products are treated with 
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a mixture of single strand specific KNases and reaction products are examined using 
PAGB. Techniques for this are well known to those experienced in the art and are 
described in RPA III (trademark) handbook 'Ribonuclease Protection Assay* (Catalog #s 
1414, 1415rAnibionInc.). 

5 

An additional method was used for the preparation of biotin-labelled nascent RNA 
ttanscripts (Patrone et aly 2000) for gene specific detection by real-time PGR assays. Intact 
nuclei were isolated firom adherent and non-adherent cell types (refer to Exanq>les 12-19, 
below) and stored at -70®C in concentrations of 1 x 10^ per ml in glycerol storage buffer 
10 [50 mM Tris-HCl, pH 8.3; 40% v/v glycerol, 5 mM MgCk and 0.1 mM EDTA]. 

One hundred microlitres of nuclei (10^) in glycerol storage buffer was added to 100 |il of 
ice cold reaction buffer svq)plemented wifli nucleotides [200 mM KCl, 20 mM Tris-HCl 
pH 8.0, 5 mM MgQz, 4 mM dithiothreitol (DTT), 4 mM each of ATP, GTP and CTP, 200 
15 mM sucrose and 20% v/v glycerol], Biotin-16-UTP (fiom 10 mM tetralithium salt; Sigma) 
was supplied to the mixture, which was incubated for 30 min at 29*'C. The reaction was 
stopped, the nuclei lysed and digestion of DNA initiated by the addition of 20 ^1 of 20 mM 
calcium chloride (Sigma) and 10 ^il of 10 mg/ml RNase-fiee DNase I (Roche). The 
mixture was incubated for 10 min at 29*^0. 

20 

Isolation of nuclear run-on and total, including cytoplasmic, RNA was performed using 
TRIzol (registered trademark) reagent (Life Technologies) as per the manufacturer's 
instmctions. RNA was suspended in 50 nl of RNase-free water. Nascent biotm-16-UTP- 
labelled run-on transcripts are then pxnified from total RNA using streptavidin beads 
25 ^Jynabeads (registered trademaric) IdlobaseBINDER (tradraiark) Kit, Dynal) according to 
the manu&cturer's instructions. 

Real-time PGR reactions are performed to quantify gene transcription rates from these run- 
on expoiments. Real-time PGR chemistries are known to those femiliar with the art Sets 
30 of oligonucleotide primers are designed which ar^ specific for transgenes, endogenous 
genes and ubiquitously-expressed control sequences. Oligonucleotide amplification and 
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reporter primears are designed using Primer Express software (Perkin Elmer). Relative 
transcript levels are quantified using a Rotor-<3ene RG-2000 system (Corbett Research). 

6. Detection ofmSNA 

5 

Ribonuclease protection assay, using the method of annealing imlabelled mRNA to ^^P- 
labelled probes, may be used to detect transcripts of endogenous gmes and transgenes in 
the cytoplasm. Reaction products are examined using PAGE. Steady state levels of RNA 
products of endogenous genes and transgenes are assessed by Northem analysis. 

10 

Altematively, relative mRNA levels are quantified using real-time PGR with a Rotor-Gene 
RG-2000 system with amplification and reporter oligonucleotides designed using Primer 
Express software for specific transgenes, endogenous genes and ubiquitously-expressed 
control g^es. 

15 

7. Southern blot analysis of mammalian genomic DNA 

For all subsequent examples, Southern blot analyses of genomic DNA were carried out 
according to the following protocol. A T75 tissue culture vessel containing 40 ml of 
20 DMEM or RPMI 1640, 10% v/v FBS was seeded with 4x10^ cells and incubated at ZT'C 
and 5% v/v CO2 for 24 hr. 

(a) Adherent cells 

25 For adherent cells, proceed as follows: decant medium and add 5 ml of 1 x PBS to the T75 
flask and wash the tissue monolayer by gently rocking. Decant the PBS and rqpeat washing 
of the tissue monolayer with 1 x PBS. Decant the PBS. Overlay the monolayer with 2 ml 1 
X PBS/1 X Trypsin-EDTA. Cover the surfece of the tissue monolayer evenly by gentle 
rocking of the flask. Incubate the T75 flask at ST'C and 5% v/v CO2 imtil the tissue 

30 monolayer separates fix>m flie flask. Add 2 ml of medium including 10% v/v FBS to the 
flask. Under microscopic examination, the cells should now be singile and round. Transfer 
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the cells to a 10 ml capped tube and add 3 ml of ice-cold 1 x PBS. Invert the tube several 
times to mix. Pellet the cells by centrifugation at 500 x g for 10 min in a refiigerated 
centrifuge (4**C), Decant the supernatant and add 5 ml of ice-cold 1 x PBS to the capped 
tube. Suspend the cells by gentle vortexing. Detennine the total number of cells using a 
5 haemocytometer slide. Cell numbers diould not exceed 2 x 10^. Pellet the cells by 
centrifugation at 500 x g for 10 min in a refrigerated centrifuge (4^Q. Decant the 
supernatant 

(b) Non-adherent cdls 

10 

For non-adherent cells proceed as follows: decant cell suspension into a 50 ml Falcon tube 
and centrifuge at 500 x g for 10 min in a refiigerated centrifuge (4**C). Decant the 
supernatant and add 5 ml of ice-cold 1 x PBS to flie cells and suspend the cells by gentle 
vortexing. Pellet the cells by centrifugation at 500 x g for 10 min in a refiigerated 
15 centrifuge (4**C). Decant the si5)ematant and add 5 ml of ice-cold 1 x PBS to flie Falcon 
tube. Suspend tiie cells by gentle vortexing. Detennine the total number of cells using a 
haemocytometer slide. Cell numbers should not exceed 2 x 10^. PeUet the cells by 
centrifugation at 500 x g for 10 min iu a refiigerated centrifuge (4*'C). Decant the 
supernatant 

20 

(c) DNA extraction and analysis 

Genomic DNA, for both adherent and non-adherent cell lines, was extracted using the 
Qiagen Genomic DNA extraction kit (Cat No. 10243) as per the manufacturer's 
25 instmctions. The concentration of genomic DNA recovered was determined usiug a 
Beckman model DU64 photospectrometer at a wavelength of 260 nm. 

Genomic DNA (10 ng) was digested with q)propriate restriction endonucleases and buffer 
in a volume of 200^ at 37^C for approximately 16 hr. FoUowing digestion, 20 jil of 3 M 
30 sodium acetate pH 5.2 and 500 ^il of absolute ethanol were added to flie digest and the 
sohitions mixed by vortexing. The mixture was incubated at -20^C for 2 hr to precipitate 
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the digested genomic DNA. The DNA was pelleted by centrifiigation at 10,000 x g for 30 
min at 4**C- The supernatant was removed and ihe DNA peUet washed with 500 jil of 70% 
v/v eflianoL The 70% v/v etfaanol was removed, tiie pellet air-diied, and the DNA 
suspended in 20 fil of water. 

5 

Gel loading dye (0.25% w/v bromophenol blue (Sigma); 0.25% w/v xylene cyanol FF 
(Sigma); 15% w/v Ficoll Type 400 (Pharmacia)) (5 ^il) was added to the resuspended DNA 
and the mixture transferred to a well of 0.7% w/v agarose/TAE gel containing 0.5 fig/ml of 
ethidium bromide. The digested genoioic DNA was electrophoresed through the gel at 14 
10 volts for approximately 16 hr. An appropriate DNA size marker was included in a parallel 
lane. 

The digested genomic DNA was then denatured (1.5 M NaCl, 0.5 M NaOH) in the gel and 
the gel neutralized (1.5 M NaCl, 0.5 M Tris-HQ pH 7.0). The electrophoresed DNA 
15 fiagments were then cs^illary blotted to Hybond NX (Amersham) membrane and fixed by 
UV cross-linking (Bio Rad GS Gene Linker). 

The membrane containing the cross-linked digested genomic DNA was rinsed in sterile 
water. The membrane was then stained in 0.4% v/v methylene blue in 300 mM sodium 
20 acetate (pH 5.2) for 5 min to visualize the transf^ed genomic DNA. The membrane was 
then rinsed twice in sterile water and destained in 40% v/v ethanol. The membrane was 
then rinsed in sterile water to remove ethanol. 

The membrane was placed in a Hybaid bottle and 5 ml of pre-hybridization solution added 
25 (6 X SSPE, 5 X Dmhardt's reagent, 0.5% w/v SDS, 100 p.g/ml denatured, firagmented 
hening sperm DNA). The membrane was pre-hybridized at 60®C for iqsproximately 14 hr 
in a hybridisation oven with constant rotation (6 ipm). 

Probe (25 ng) was labelled with [a^^P]-dCTP (specific activity 3000 Ci/mmol) using the 
30 Megjqnime DNA labelling system as per the manufacturer's instructions (Amersham Cat 
No. RPN1606). Labelled probe was passed through a G50 Sephadex Quick Spin 
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(trademaik) colimm (Roche, Cat No. 1273973) to remove unincoiporated nucleotides as 
per the manufacturer's instmctions. 

The hesi-denatured labelled probe was added to 2 ml of hybridization buflBa: (6 x SSPE, 
5 0.5% w/v SDS, 100 |xg/ml denatured, fiagmented herring sperm DNA) pre-wanned to 
60^C, The pre-hybridization buffer was decanted and replaced with 2 ml of pre-wanned 
hybridization buffer containing the labelled probe. The membrane was hybridized at CO^'C 
for ^proximately 16 hr in a hybridization oven with constant rotation (6 rpm). 

10 The hybridization buffer containing the probe was decanted and the membrane subjected 
to several washes: 

2 X SSC, 0.5% w/v SDS for 5 min at room temperature; 
2 X SSC, 0.1% w/v SDS for 15 min at room temperature; 
15 0.1 X SSC, 0.5% w/v SDS for 30 min at 37**C with gentle agitation; 

0.1 X SSC, 0,5% w/v SDS for 1 hour at 68*=^C with gentle agitation; and 
0.1 X SSC for 5 min at room temperature with gentle agitation. 

Washing duration at 68^C varied based on the amount of radioactivity detected with a 
20 hand-held Geiger counter. 

The damp membrane was wrapped in plastic wrap and exposed to X-ray film (Curix Blue 
HC-S Plus, AGFA) for 24 to 48 hr and the fihn developed to visualize bands of probe 
hybridized to genomic DNA. 

25 

8. Immunofluorescent labelling of cultured ceUs 

Glass microscope cover slips (12 mm x 12 mm) were flamed with ethanol then submerged 
in 2 ml growth medium, two per well, in six-weU plates. Cells were added to wells in 1-2 
30 ml medium to give a density of cells after 16 hr growth such that cells remain isolated 
(200,000 to 500,000 per well depending on size and growth rate of cells). Without 
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removing the cover slips from wells, the medium was aspirated and cells were washed with 
PBS. For fixation, cells were treated for 1 hr with 4% w/v paraformaldehyde (Sigma) in 
PBS then washed three times with PBS. Fixed cells were penneabilized with 0.1% vA^ 
Triton X-100 (Sigma) in PBS for 5 min then washed tiiree times with PBS. Cells on cover 
5 slips were blocked on one drop (about 100 jil) of 0.5% w/v bovine serum albumin Fraction 
V (BSA, Sigma) for 10 min. Cover slips were then placed for at least 1 h on 25 jil drops of 
primary mouse monoclonal antibody which had been diluted 1/100 in 0.5% v/v BSA in 
PBS. Cells on cover slips were Chen washed three times with 100 ^.1 of 0.5% v/v BSA in 
PBS for about 3 min each before being placed for 30 min to 1 hr on 25 |il drops of Alexa 

10 Fluor (registered trademark) 488 goat anti-mouse IgG conjugate (Molecular Probes) 
secondary antibody diluted 1/100 in 0.5% v/v BSA in PBS. Cells on cover slips were then 
washed ttxree times with PBS. Cover slips were mounted on glass microscope slides, three 
to the slide, in glycerol/DABCO [25 mg/ml DABCO (l,4-diazabicyclo(2.2.2)octane 
(Sigma D 2522)) in 80% v/v glycerol in PBS] and examined with a lOOX oil immersion 

1 5 objective imder UV illumination at 500--S50 nm. 

9. Composition of media used in experimental protocols 

The compositions of DMEM, Ofti-MEM I (registered trademark) Reduced Serum 
20 Medium, PBS and Trypsiu-EDTA used are set out in Example 1 , 

(a) RPMI 1640 Medium 

A commercial formulation of RPMI 1640 medium (Cat No. 21870) was used and obtained 
25 from life Technologies. The liquid formulation was: 



Ca(N03)2.4H20 lOQmg/1 

KCI 400mg/l 

MgS04 (anhyd) 48.84 mg/1 

30 NaCl 6,000 mg/l 

NaHCOa 2,000 mg/1 
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NaH2P04(aiiliyd) 


800 mgA 




D-glucose 


2,000 mg/1 




Glutafhione (reduced) 


l,Omg/l 




Phenol Red 


5 mg/l 


5 


LrAxginme 


200 ms/l 




L-Asparagme (fixG base) 


50 




Lr-AsDartic AdA 


20 mer/f 




L-Cystme,2HCI 


65 me/I 

alley A 




L-Glutamic Acid 


20 mo/I 


10 


Glycine 


10 mg^ 




L-Histidine (free base) 


15 Tt|g/1 




I^Hydroxyproline 


20mg/l 




L-Isoleucine 


50 mg/1 




L-Leucine 


50 me/1 


15 


L-LysineJICI 


40 mg/1 




L-Methionine 


15 mg/1 




Lr-Phenylalanine 


15 mg/1 




Lr-Proline 


20 mg/1 




L-Serine 


30 mg/1 


20 


L-Phreonine 


20mg/i 




L-Tryptophan 


5 me/1 




LrTyrosine^Na,2H20 • 


29 mg/1 




L-Valine 


20 mg/1 




Biotin 


0.2 mg/1 


25 


D-Ca Pantofhotiate 


0*25 mg/1 




Choline chloride 


3 mg/1 




Folic Add 


lmg/1 




i-Ihositol 


35 mg/1 




Niacinamide 


Img/I 


30 


Para-aminobenzioc Acid 


1 mg/1 




PyridoxineHCI 


lmg/1 
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* Riboflavin 
TbiammeHCI 
Vitamin B12 



OJZmg/l 
O.OOS mg/1 



5 EXAMPLE 11 

Preparadon ofplasmid construct cassettes for use in achieving co-suppression 

J. Generic UNA isolation, cDNA synthesis andPCR protocol 

10 Total RNA was pmified fix)m the indicated cell lines using an KNeasy Mini Kit according 
to the manufacturer's protocol (Qiagen). To prepare cDNA, tihds RNA was reverse 
transocibed using Qmnisciipt Reverse Transcriptase (Qiagen). Two micrograms of total 
RNA was reverse transcribed using 1 oligo dT (Sigma) as aprimerin a20 jiil reaction 
according to the manufacturer's protocol (Qiagen). 

15 

To amplify specific products, 2 jxl of this mixture was used as a substrate for PGR 
amplification, which was performed using HotStarTaq DNA polymerase according to the 
manu&cturer's protocol (Qiagen). PGR an^lification conditions involved an initial 
activation step at 95*C for 15 mins, followed by 35 amplification cycles of 94**C for 30 
20 sees, 60^*0 for 30 sees and 72**C for 60 sees, with a final elongation step at 72**C for 4 
mins. 



PGR products to be cloned were usually purified using a QIAquick PGR Purification Kit 
(Qiagen); in instances whore multiple firagments were generated by PGR, the fiagment of 
25 the correct size was purified fiiom agarose gels using a QIAquick Gel Purification Kit 
(Qiagen) according to tiiie manufacturer's protocol. 

Amplification products were then cloned into pCR (registered trademazk)2.1-TOPO 
(Envitrogen) according to the manu&cturer's protocol. 

30 
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Z Generic cloning techniques 

To prq)ar6 flie cQnstnicts described below, insert fragments were excised from 
intermediate vectors using restriction enzymes according to the manufacturer's protocols 
5 (Roche) and fragments purified from agarose gels using QIAquick Gel Purification Kits 
(Qiagen) according to the manufacturer's protocol. Vectors were usually prepared by 
restriction digestion and treated with Shrimp Alkaline Phosphatase according to the 
manu£acturer's protocol (Amersham). Vector and inserts were ligated using T4 DNA 
ligase according to the manu&ctuier*s protocols (Roche) and transformed into competent 
10 E, coli strain DHSa using standard procedures (Sambrook et al.; 1984). 

3« Constructs 

(a) Commercial plasmids 

15 

Plasmid dEGFP-NJ 

Plasmid pEGFP-Nl (Figure 1; Clontech) contains the CMV IB promoter operably 
connected to an open reading frame encoding a red-shifted variant of the wild-type GFP 
which has been optimized for brighter fluorescence. The specific GFP variant encoded by 

20 pEOTP-Nl has been disclosed by Coimack et al (1996). Plasmid pEGEP-Nl contains a 
multiple cloning site comprising BgUl and BamHL sites and many other restriction 
endonuclease cleavage sites, located between the CMV IE promoter and the EGFP open 
reading firame. The plasmid pEGFP-Nl will express the EGFP protein in mammalian cells. 
In addition, stmctural genes cloned into the multiple cloning site will be expressed as 

25 EGFP fiision polypeptides if th^ are in-fimae with the EGFP-encoding sequence and lack 
a fimctional translation stop codon. The plasmid fiuiher comprises an SV40 
polyadenylation signal downstream of the EGFP open reading fi:ame to -direct prop^ 
processing of the 3'-end of mKNA transoibed fixmi the CMV IE promoter sequence 
(SV40 pA). The plasmid further comprises the SV40 origin of replication functional in 

30 animal cells; the neomycin-resistance gene comprising SV40 early promoter (SV40-E in 
Figure 1) operably connected to the neomycin/kanamycin-resistance gene derived fix>m 
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Tn5 (Kan/Neo in Figure 1) and the HSV thymidine kinase polyadenylation signal, for 
selection of transfoimed cells on kanamycin, neomycin or geneticin; the pUC19 origin of 
replication which is functional in bacterial cells and the fl origin of replication for single- 
stranded DNA production. 

5 

Plasmid vBluescript IT SK^ 

Plasmid pBluescript n SK^ is commercially available from Stratagene and comprises the 
lacZ promoter sequence and lacZ-a transcription temiinator, with multiple restriction 
endonuclease cloning sites located there between. Plasmid pBluescript II SK^ is designed 
10 to clone nucleic acid fragments by virtue of the multiple restriction endonuclease cloning 
sites. The plasmid further comprises the CoIEl and fl origins of replication and the 
ampicillin-resistance gene. 

Plasmid vCR (resistered trademark) 2 A 

15 Plasmid pCR2.1 is a commercially-available, T-tailed vector from Invitrogen and 
comprises the lacZ promoter sequence and lacZ-a transcription terminator, with a cloning 
site for the insertion of structural gene sequences there between. Plasmid pCR (registered 
trademark) 2.1 is designed to clone nucleic acid fragments by virtue of the A-overhang 
frequently synthesized by Taq polymerase during the polymerase chain reaction. The 

20 plasmid further comprises the CoIEl and fl origins of r^Iication and kanamycin-resistance 
and ampicillin-resistance genes. 

Plasmid pCR (resistered trademark) 2. l-TOPO 

Plasmid pCR (registered trademark) 2.1-TOPO is a commercially available T-tailed vector 
25 from Invitrogen and comprises the lacZ promoter sequence and lacZ-a transcription 
terminator, with multiple restriction endonuclease cloning sites located there between. 
Plasmid pCR (registered trademaric) 2.1-TOPO is provided witti covalently bound 
topoisomerase I enzyme for fast cloning. The plasmid further comprises the ColEl and fl 
origins of replication and the kanamycin and ampicillin resistance genes. 

30 
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PlasmidDPUR 

Plasmid pPUR is commercially available fiom aontech and comprises the SV40 early 
promoter operably connected to an open reading frame encoding the Streptomyces 
alboniger puromycin-N-acetyl-transferase (pac) gene (de la Luna and Qrtin, 1992). The 
5 plasmid iiather comprises an SV40 polyadenylation signal downstream of the pac open 
reading frame to direct proper processing of the 3 '-end of mRNA transcribed fix>m the 
SV40 E promoter sequence. The plasmid further comprises a bacterial replication origin 
and the ampicillin resistance (P-lactamase) gene for propagation in E. colL 

10 (b) Intermediate cassettes 

Plasmid TOPO.BGT2 

Plasmid T0P03GI2 comprises the himian p-globin intron number 2 (BGI2) placed in the 
multiple cloning region of plasmid pCR (registered trademark) 2.1-TOPO. To produce this 
15 plasmid, the human P-globin intron nimiber 2 was amplified from human genomic DNA 
using the amplification primers: 

GDI GAG CTC TTC AGG GTG AGT CTA TGG GAG CO [SEQ ID NO:l] 

and 

20 GAl CTGCAGGAGCTGTGGGAGGAAGATAAGAG[SEQIDNO:2] 

and cloned into plasmid pCR (registered trademark) 2.1-TOPO to make plasmid 
TOPO.BGI2. BGI2 is a fimctional intron sequence that is capable of being post- 
transcriptionally cleaved fix>m RNA transcripts containing it in mammalian cells. 

25 

Plasmid TOPO.PUR 

Plasmid TOPO.PUR conq)iises the SV40 E promoter, the puromycin-N-acetyl-transferase 
gene, and the S V40 polyadenylation signal sequence from the plasmid pPUR placed in the 
multiple cloning region of plasmid pCR (registered tradmaik) 2.1-TOPO. To produce this 
30 plasmid, the region of plasmid pPUR containing the SV40 E promoter, the puromycin-N- 
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acetyl-transferase gene, and the SV40 polyadenylation signal sequence was amplijSed fix>m 
plasmid pPUR (Qontech) using the amplification piimeis: 

4/niI-pPUR-Fwd TCT CCT TAG GCG TCT GTG COG TAT [SEQ ID NO:3] 
5 and 

^jTm-pPUR-Rev ATG AGG ACA CGT AGG AGC TTC CTG [SEQ ID NO:4] 

and cloned into plasmid pCR (registered trademaik) 2.1-TOPO to make plasmid 
TOPO.PUR. 

10 

(c) Plasmid cassettes 
Plasmid pCMV.cass 

Plasmid pCMV.cass (Figure 2) is an expression cassette for driving expression of a 
15 stmctural gene sequence under control of the CMV-IE promoter sequence. Plasmid 
pCMV.cass was derived fix>m pEGFP-Nl (Figure 1) by deletion of the EGFP open reading 
frame as follows: Plasmid pEGFP-Nl was digested with PinAl and Notl, blunt-ended 
using Pfiil DNA polymerase and then religated. Stractmal gene sequmces are cloned into 
pCMV.cass using the multiple cloning site, which is identical to the multiple cloning site 
20 of pEGFP-Nl , except it lacks the PinAl site. 

Plasmid pCMV.BGI2.cass 

To create pCMV.BGI2.cass (Figure 3), the hmnan P-globin intron sequence was isolated 
as a SacVPstl fragment from TOPO.BGI2 and cloned between the Sad and Pstl sites of 
25 pCMV.cass. In pCMV.BGI2.cass, any RNAs transcribed from the CMV promoter will 
include the human P-globin intron 2 sequences; these intron sequences will presinnably be 
excised from transcripts as part of the normal intron processing machinery, since the intron 
sequences include both the splice donor and splice acceptor sequences necessary for 
normal intron processing. 
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EXAMPLE 12 

Co-suppression of Green Fluorescent Protein in Porcine Kidney Type 1 cells in vitro 
L Culturing of cell lines 

5 

PK-1 cells (derived fixmi porcine kidney ^ithelial cells) were grown as adherent 
monolayers using DMEM supplemented wifli 10% v/v FBS, as described in Example 10, 
above. 

10 2. Preparation of genetic constructs 

(a) Interim plasmids 

Plasmid pBluescriptEGPF 
IS Plasmid pBluescriptEGFP comprises the EGFP open reading frame derived fiom plasmid 
pEGFP-Nl (Figure 1, refer to Example 1 1) placed in the multiple cloning region of plasmid 
pBluescript n SK^. To produce this plasmid, the EGFP open reading frame was excised 
fiom plasmid pEGFP-Nl by restriction rodonuclease digestion using the enzymes Notl and 
JUiol and ligated into NofUXhol digested pBluescript II SK*". 

20 

Plasmid pCILBgl'GFP-Bam 

Plasmid pCILBgl-GFP-Bam comprises an internal region of the EGFP opca reading frame 
derived fiom plasmid pEGFP-Nl (Figure 1) placed in the multiple cloning region of 
plasmid pCR2.1 (Invitrogen, see Exan^le 11). To produce this plasmid, a region of the 
25 EGFP open reading frame was amplified fix)m pBGFP-Nl using the amplification primers: 

Bgl-GFP: CCCGGGGCTTAGTGTAAAACAGGCTGAGAG [SEQIDNO:5] 
and 

GFP-Bam: CCC GGG CAA ATC CCA GTC ATT TCT TAG AAA [SEQ ID NO:6] 



30 
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and cloned into plasmid pC3l2.1, according to the manufacturer's directions (Invitrogen). 
The internal EGFP-encoding region in plasmid pCR.Bgl-GFP-Bam lacks functional 
translational start and stop codons. 

5 Plasmid dCMV.GFP.BGI2.PFG 

Plasmid pCMV.GFP.BGI2.PFG (Figure 4) contains an inverted repeat or palindrome of an 
internal region of the EGFP open reading frame that is intOTupted by the insertion of the 
human P-globin intron 2 sequence therein. Plasmid pCMV.GFP.BGI2JFG was 
constructed in successive steps: (i) the GFP sequence from plasmid pCILBgl-GFP-Bam 
10 was sub-cloned ia the sense orientation as a BglHrXo-BantHl fragment into 5^/II-digested 
pCMV.BGI2.cass (Figure 3, refer to Example 1 1) to make plasmid pCMV.GFP.BGI2, and 
(ii) the GFP sequence from plasmid pCR.Bgl-GFP-Bam was sub-cloned in the antisense 
orientation as a Bgrnrixy-Baniill fragment into 5a/nHI-digested pCMV.GFP.BGI2 to make 
the plasmid pCMV.GBFP.BGI2.PFG. 

15 

(b) Testplasmids 

Plasmid dCMV.EGFP 

Plasmid pCMV.EGFP O^igure 5) is capable of expressing the entire EGFP open reading 
20 frame under the control of CMV-IE promoter sequence. To produce pCMV.BGFP, the 
EGFP sequence from pBluescript.EGFP, above, was sub-cloned in the sense orientation as 
a jBarnHX-to-iSacI fragment into ^g^fln/SizcI-digested pCMV.cass (Figure 2, refer to 
Example 1 1) to make plasmid pCMV.EGFP. 

25 Plasmid DCMV^.BGI2.cass 

Plasmid pCMV^"^£G12.cass (Figure 6) contains a puromycin resistance selectable marker 
gene in pCMVJBGE.cass (Figure 3) and is used as a control in these experiments. To 
create pCMV^'.BGK.cass, the puromycm resistance gene fix)m TOPOJUR (Example 10) 
was cloned as an4/ni fragment into 4/Zn-digested pCMV.BGI2.cass. 

30 
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Plasmid nCMyP^. GFP.BGn.PFa 

Plasmid pCMVP^'.GFPiGEJPFG (Figure 7) contains an inverted repeat or palindrome of 
an internal region of the EGEP open reading dframe that is intOTi5)ted by the insertion of 
the human P-globin intron 2 sequence therein and a puromydn resistance selectable 
5 marker gene. Plasmid pCMV'^.GFPiGE.PFG was constructed by cloning the puromycin 
resistance gene ftom TOPOJPUR Example 10) as an Afm fragment into 4^-digested 
pCMV.GFP.BGI2 JFG (Figure 4). 

3, Detection of co^suppression phenotype 

10 

(a) Insertion of EGFP-expressing transgene into PK-l cells 

Transformations were performed in 6 well tissue culture vessels. Individual wells were 
seeded with 4x10"* PK-1 cells in 2 ml of DME^, 10% vAr FBS and inciibated at 37°C, 5% 
15 vAr CO2 until the monolayer was 60^90% confluent, typically 16 to 24 hr. 

To transform a single plate (6 wells), 12 ng of pC>rV.EGFP (Figure 5) plasmid DNA and 
108 jil of GenePORTER2 (trademark) (Gene Ther^y Systems) were diluted mto Opn- 
MEM-I (registered tradraiaik) to obtain a final volume of 6 ml and incubated at room 
20 ten^erature for 45 min 

The tissue growth medium was removed from each well and the monolayers therein 
washed with 1 ml of 1 x PBS. The monolayers were overlayed witii 1 ml of the plasmid 
DNA/GenePORTER2 (trademark) conjugate for each well and incubated at 5% vA^ 
25 CQ2for4.5hr. 

Ofh-MEM-I (registered trademark) (1 ml) supplemented with 20% v/v FBS was added to 
each well and the vessel incubated for a further 24 hr, at which time the monolayers were 
washed with 1 xPBS andmedium was replaced with 2 ml of fresh DMEM including 10% 
30 v/v HBS. Cells transformed with pCMVi GFP were examined after 24-48 hr for transient 
EGFP expression using fluorescence microscopy at a wavelength of 500-550 nm. 
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Forty-eight hr after transfection the medium was removed^ the cell monolayer washed with 
1 X PBS and 4 ml of fiesh DMBM containing 10% v/v FBS, supplemmted with 1.5 mg/ml 
genetecin (Life TechnologiesX was added to each well. Genetedn was included in the 
5 medium to select for stably ttansfomied cell lines. The DMEM, 10% vAr FBS, 1.5 mg/ml 
genetedn medium was changed every 48-72 hr. After 21 days of selection, stable, EGFP- 
expressing PK-1 colonies were aiipaient 

Individual colonies of stably transfected PK-1 cells were cloned, maintained and stored as 
10 described in Generic Techniques in Bxanqile 10, above. 

A number of parental cell lines were transformed with pCMV.EGFP. In many of these, 
GFP e3q>ression was either extremely low or conipletely imdetectable as listed in Table 2 
and shown in Figures 9A, 9B, 9C and 9D. 

15 

TABLE 2 





; Nuindie)rdfclbned^Un[iesr 


• Nuniber'bf cell :tii|i^ with r 
' % extreniely lqw or ' ■ " 
• undeitectkbleiGFP ; ' 


PK-1 


59 


2 


MM96L 


12 


4 


B16 


12 


10 


MDAMB468 


11 


1 



20 These data indicated that inactivation of GFP occurred jfrequCTitly in different types of cell 
lines, established fix)m three different species. 
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(b) Post'transcriptional silencing of EGFP-expressing transgene in PK-1 cells 

To study the onset of post-transcriptional gene silencing (PTGS) of the EGFP-expressing 
transgene, ceUs from 12 stable EGFP-expressing PK-1 lines (PK-l/EGFP) were transfected 
5 with the construct pCMVP".GEP.BGE.PFG OFigure 7). Two controls were also included. 
The first control was a r^licate of each stable line transfoimed with the plasmid 
pCMV^:BGI2.cass (Figure 6) The second control was a replicate untransfected PK- 
l/EGFP line. 

10 The transformation of PK-1 cells with pCMV^.GFP.BGI2.PFG and pCMVP"BGI2,cass 
was performed in 6-well tissue culture vessels, in triplicate, using the same method as 
described above in (a). 

Forty-eight hr after transfection the medium was removed, the cell monolayer washed with 
15 PBS (as above) and 4 ml of fi:esh DMH^ containing 10% v/v FBS and 1 mg/ml geneticin 
(GGM) were added to each well of cells. In addition, where the cells were transfected with 
either pCMV^"BGI2.cass or pCMVP"^.GFP.BGI2JFG, the GGM was further 
supplemented with 1.0 |ig/ml puromycin; puromycin was included in the medium to select 
for stably transformed cell lines. After 21 days of selection, co-transformed silenced 
20 colonies were apparent. Following transfection, all replicates were inspected 
microscopically for the presence of PTGS, as indicated by the absence of the EGFP- 
e3q)ressing phenotype in cells transformed with pCMV^.GEP.BGI2 JFG but not in cells 
transformed with pCMV"JBGI2.cass or transfected replicate controls. 

25 3. Anatysis by nuclear transcnpUon mtt'-on assays 

To detect transcription of the transgene RNA in the nucleus of PK-1 cells, nuclear 
transcription run-on assays are performed on cell-fiee nuclei isolated from actively 
dividing cells. The nuclei are obtained according to ttie cell nuclei isolation protocol set 
30 forth in Exanq>le 10, above. 
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Analyses of nuclear RNA transcripts for the transgene EGFP fiom the transfected plasmid 
pCMVJBGFP and the transgene GFP,BGI2.PFG fixmi the co-transfected plasmid 
pCMVP".GEP3GI2JFG are performed according to the nuclear transcription run-on 
protocol set forth in Exanq>le 10, above. 

5 

Rates of transcription in the nuclei of all PK-1 cells analyzed - whether transfected with 
plasmid pCMVJBGFP or with the transgene GFP.BGI2JFG - are not substantially 
different from rates found in nucld of either the untransfected PK-l/EGFP control line or 
the control line transformed with the plasmid pCMV^.BGI2.cass, 

10 

5. Comparison of mRNA in non-transformed and co-suppressed lines 

Messenger KNA for EGFP from the plasmid pCMVJBGFP and RNA transcribed from the 
transgene GFPJ3GI2JPFG are analyzed according to the protocol set forfli in Example 10, 
15 above. 

6. Southern anafysis 

Individual transgenic PK-1 cell lines (transfected and co-transfected) are analyzed by 
20 Southern blot analysis to confirm integration and determine copy number of the 
transgenes. The procedure is carried out according to the protocol set forth in Example 10, 
above. An exaxxqile is illustrated in Figure 8. 

EXAMPLE 13 

25 Co-suppression of Bovine Enterovirus in Madin Darby Bovine Kidney 

Type CBIB'l cells in vitro 

h Cutturing of cells Unes 

30 CRIB-1 ceUs (derived from bovine kidney epithelial cells) were grown as adherent 
monolayers using DMEM siqyplemented with 10% v/v Donor Calf Serum (DCS; life 
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Technologies), as described in Example 10, above. Cells were always grown in incubators 
at 37®C in an atmosphere containing 5% vN CQ2. 

2. Pr^araHon of genetic constructs 

5 

(a) Interim plasmid 
PlasmidnCR.BEY7 

The complete Bovine enterovirus (BEV) RNA polymerase coding region was amplified 
1 0 fixMn a fiill-lengtfa cDNA clone encoding same, using primers: 

CGG C AG ATC CTA AC A ATG GC A GGA C AA ATC GAG TAG ATC 
[SEQIDNO:?] 

GGG CGG ATC CTT AGA AAG AAT CGT ACC AC [SEQ ID NO:8]. 

Primer BEV-1 comprises a BglU restriction endonuclease site at positions 4 to 9 inclusive, 
and an ATG start site at positions 16-18 inclusive. Primer BEV-3 comprises a BaniHl 
restriction enzyme site at positions 5 to 10 inclusive and the conqplement of a TAA 
20 translation stop signal at positions 11 to 13 inclusive. As a consequence, an open reading 
frame comprising a translation start signal and a translation stop signal is contained 
between the BglR and BamHl restriction sites. The anq)lified fiagment was cloned into 
pCR2.1 to produce plasmid pCRJBEV2. 

25 Plasmid pSSPFaR 

Plasmid pBS JFGE contains the EGFP coding sequences from pEGFP-Nl cloned into the 
polylinker of pBluescript H SK*^. To generate this plasmid, the EGFP coding sequences 
from pEGEP-Nl was cloned as a Notl-to-SacI fragment into JVbfl/&icI-digested 
pBluescr5)t n SK*". 



BEV-I 



and 
15 BEV-3 
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(b) Testplasmids 
PlasfmdDCMV.EGFP 

Plasnaid pCMVJBGPP (Figure 5) is capable of expressing flie entire EGFP open reading 
5 ftame and is used in this and subsequent examples as a positive transfection control (refer 
to Example 12, 2(b)). 

Plasmid dCMY. mV2.BGn.2VER 

Plasmid pCMV.BEV23GI2.2VEB (Figure 10) contains an inverted repeat or palindrome 
10 of tiie BEV polymerase coding region that is intemq)ted by the insertion of the human p- 
globin intron 2 sequence therem. Plasmid pCMV.BEV2.BGI2.2VEB was constructed in 
successive steps: (i) the BEV2 sequence fix>m plasmid pCR.BEV2 was sub-cloned in the 
sense orientation as a Bgm-Xo-BajnHL fragment into 5^fll-digested pCMVBGI2.cass 
(Example 11) to make plasmid pCMV.BEV2.BGI2, and (ii) the BEV2 sequence from 
15 plasmid pCRJBEV2 was sub-cloned in the antisense orientation as a BgHL-to-BaTriHl 
fragment into 5awHI-digested pCMV.BEV2.BGI2 to make plasmid 
pCMV3EV2J3GI2,2VEB. 

Plasmid dCMV.HEVEGFP. VEB 

20 Plasmid pCMV.BEV.EGFP.VEB (Figure 1 1) contains an mverted repeat or palindrome of 
the BEV polymerase coding region that is inten5)ted by EGFP coding sequences which act 
as a stuffer fragmait To generate this plasmid, the EGFP coding sequence ftom 
pBS J*FGE was isolated as an EcdBl fragment and cloned into ^JcoRI-digested pCMV.cass 
in tiie sense orientation relative to the CMV promoter to generate pCMV.EGFP.cass. 

25 Plasmid pCMV, BEV.EGFP.VHB was constructed in successive steps: (i) the BEV 
polymerase sequence fiTom plasmid pCR3EV2 was sub-cloned in the sense orientation as 
a BglDrto-Bamm fragment into 5^/II-digested pCMV,EGFP.cass to make plasmid 
pCMVBEV.EGFP, and (ii) the BEV polymerase sequence fixim plasmid pCR.BEV2 was 
sub-cloned in the antisense orientation as a BgnLAo-BamSl firagment into 5amHI-digested 

30 pCMVBEV.EGFP to make plasmid pCMV, BEV.EGFP.VEB. 
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3. Detection of co^suppression phenotype 

(a) Insertion of Bovine enterovirus SNA polymerase-expressing trcmsgene into CRIB-1 
cells 

5 

TiansfonnatLons were perfonned in 6-well tissue culture vessels. Individual weUs were 
seeded with 2 x 10^ CRlB-l cells in 2 ml of DMEM, 10% v/v DCS and incubated at 37«C, 
5% y/v CO2 until the monolayer was 60-90% confluent, typically 1 6 to 24 hr. 

10 The following solutions were prepared in 10 ml sterile tubes: 

Solution A: For each transfection, 1 ^ig of DNA CpCMV.BEV2.BGI2,2VEB or 
pCMV.EGFP - Transfection Control) was diluted into 100 jil of Oph- 
MEM-I (registered trademark) Reduced Serum Medium (serum-free 
15 medium) and; 

Solution B: For each transfection, 10 jil of LipopectAMINE (trademark) Reagent was 
diluted into 100 jil Opn-MEM-I (registered trademark) Reduced Serum 
Medium. 

20 

The two solutions were combined and mixed gently, and incubated at room temperature 
for 45 min to allow DNA-liposome complexes to form. While complexes fomied, the 
CRIB-1 cells were rinsed once with 2 ml of QPTT-MEM I (registered tradmaik) Reduced 
Serum Medium. 

25 

For each transfection, 0,8 ml of Ofh-MEM I (registered trademark) Reduced Serum 
Medium was added to the tube containing the complexes, the tube mixed gently, and the 
diluted conq>lex solution overlaid onto tbs rinsed CRIB-1 cells. Cells were then incubated 
with tile complexes at 37°C and 5% v/v CO2 for 1 6 to 24 hr. 
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Tiransfection mixture was then removed and the CRIB-1 monolayers overlaid with 2 ml of 
DMEM, 10% vAr DCS. Cells were incubated at ST'C and S% v/v CQ2 for approximately 
48 hr. To select for stable transfomants, the medium was r^laced every 72 hr with 4 ml 
of D^dEM, 10% v/v DCS, 0.6 mg^ genetidn. Cells transformed with the transfection 
5 control pCMV.EGFP were examined after 24-48 br for transient EGEP expression using 
fluorescence microscopy at a wavelengdi of SOO-550 nm. Afier 21 days of selection, stably 
transformed CRIB-1 colonies were apparent 

Individual colonies of stably transfected CRIB-1 cells were cloned, maintained and stored 
10 as described in Generic Techniques in Example 10, above. 

(b) Determination of Bovine Enterovirus titre 

The BEV isolate used in these experiments was a cloned isolate, K2S77. The titre of this 
IS origmal viral stock was unknown. To amplify BEV virus Scorn this stocl^ cells were 
infected with S \il of viral stock per well and the virus allowed to repticate for 48 hr, as 
described below. Culture medium was harvested at this time and transferred to a screw 
capped tube. Dead cells and debris were tiien r^oved by CCTtrifiigation at 3,500 rpm for 
IS min at 4^C in a Sigma 3K18 centrifuge. The supernatant was decanted into a iBresh tube 
20 and centrifiiged at 20,000 ipm for 30 min at 4°C in a Beckman J2-M1 centrifuge to remove 
remaining debris. The si^ematant was decanted and this new BEV stock titred as 
described below and stored at 4°C. 

Absolute: 

25 In a 6-well tissue culture plate, seed 2.S x 10^ CRIB-1 cells per well in 2 ml DMEM, 10% 
v/v DCS. Incubate the cells at 37^C in an atmosphere containing S% vA^ CQ2 until the cells 
are 90-100% confluent 

Dilute BEV in serum-fi:ee medium DMEM at dilutions o£ 10'^ to 10'^. Aspirate the medium 
30 from the CRIB-1 monolayers. Overlay the monolayer with 2 ml of 1 x PBS and genfly 
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rock fhe tissue culture vessel to wash the monolayer. Aspirate the PBS &om the monolayer 
and repeat the wash once more. 

Immediately add 1 ml of flie diluted virus solutions (10^^ to 10"^ direcfly onto the rinsed 
5 CRIB-1 cells, using one dilution per well in duplicate. Licubate the CRIB-1 cells with 
BEV for 1 hour at ST'^C and 5% v/v CQ2 with gentle agitation. Aspirate the viral inoculum 
and overlay infected cells with 3 ml of nutrient agar (1% Noble Agar in DMEKQ. The 
Noble Agar is made up 2% w/v in sterile distilled water and the DMEM as 2 x DMEM. 
Melt the Noble Agar and equilibrate to 50^C in a water-bath for 1 hour. Equilibrate the 2 x 
10 DMEM to 37^C in a water-bath for IS min prior to use. Nfix the two solutions 1:1 and use 
to overlay infected ceUs. 

Allow the nutrient agar overlay to set and incubate inverted at 37°C and 5% v/v CO2 for 
18-24 hr. Following incubation, overlay each well with 3 ml of Neutral Red Agar (1.7 ml 
IS Neutral Red Solution (Life Technologies)/! 00 ml Nutrient Agar). Allow the Neutral Red 
Agar overlay to set and incubate the 6 well plates in an inverted position in the daik at 
37**C and S% v/v CO2 for 18-24 hr. Count the number of plaques 24 hr after addition of 
Neutral Red Agar to detennine the titre of the BEV viral stock. 

20 Empirical: 

In a 24-well tissue culture plate, 4 x 10"^ CRIB-1 cells were seeded per well in 800 ^1 
DMEM, 10% v/v DCS. The cells were incubated at 37''C in an atmosphere containing S% 
v/v CO2 until they were 90-100% confluent 

2S From concentrated BEV viral stock, BEV was diluted in serum-firee DMEM at dilutions of 
10'^ to 10"^. The medium was aspirated fiom the CRIB-1 monolayers and fhe monolayer 
overlaid with 800 (il of 1 x PBS and washed by gently rocking the tissue culture vesseL 
PBS was aspirated fix>m the monolayer and the wash repeated. 

30 200 fil of the diluted virus solutions (10'^ to 10"^ was added immediately directiy onto the 
rinsed CRIB-1 cells using one dilution per well in di^licate. The CRIB-1 cells were 
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incubated vnfh BEV for 24 hr at 37**C aad 5% vAr COi and each well inspected 
microscopically for cell lysis. A fiirfher 600 yA of serum-free DMEM was then added to 
each well. After a fiirther 24 hr, each well was inspected microscopically for cell lysis. The 
correct dilution is the Tninimiim viral concentration that kills most of the CRIB-1 cells after 
5 24 hr and all cells after 48 hr. 

(c) Bovine enterovirus challenge of CRIB-1 cells transformed with 
pCMV.BEV2MGI2.2VEB 

10 In a 24-well tissue culture plate, 4 x 10"^ CRIB-1 cells per well were seeded in triplicate, in 
800 ^1 DMEM, 10% v/v DCS. The cells were iacubated at SV'C in an atmosphere 
containing 5% vhf CO2 until they were 90-100% confluent. 

From concentrated BEV viral stock, BEV virus was diluted in serum-free DMEM at the 
IS correct dilution as determined by absolute or empirical measurement In addition, the BEV 
viral stock was diluted to one log above and below the correct dilution (typically 10"^ to 
10*^. The medium was aspirated from the CRIB-1 monolayers and Ifae monolayers 
overlaid with 800 (tl of 1 x PBS and washed gently by rocking the tissue culture vessel. 
PBS was aspirated from &e monolayer and the wash repeated. 

20 

200 )il of flie diluted virus solutions (one dilution per rephcate) was added immediately 
directly onto the rinsed CMB-l cells. The cells were inciibated with BEV for 24 hr at ST'^C 
and S% v/v CO2, and each well inspected microscopically for cell lysis. A froiher 600 ^1 of 
serum-free DMEM was added to each well. After a further 24 far, each well was inspected 
25 microscopically for cell lysis. 

Transcription of the transgene (BEV2.BGI2.2VEB) induces post-transcriptional gene 
silencing of the BEV RNA polymerase gene, necessary for viral replication. Silencing of 
the BEV RNA polymerase gene induces resistance to infection by ibs Bovine enterovirus. 
30 These ceU lines will continue to divide and grow in the presence of the virus, while control 
cells die within 48 hr. Viral-tolerant cells are used for fiirttier analysis. 
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(d) Generation cf CRIB-l viral tolerant cell lines 

To detemiine whether cells transfoimed with pCMVJ3EV.EGFP.VEB or 
S pCMV.BEV2.BGI2.2VEB were tolerant to BEV infection, transfoimed cell lines were 
challenged with dilutions of BEV and monitored for survivaL To overccmie inherent 
variation in these assays, multiple challenges were performed and lines consistently 
showmg viral tolerance were isolated for fiirQier examinatioiL Results of these experiments 
are shown below in Tables 3 and 4. 
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TABLE 3 CRIB-1 cells transfected wifhpCMV3EV£GFP.VEB (CIUB-1 EGFP) 
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TABLE 4 CRIB-1 cells transfected with pCMV£EV2 J3GI2.2VEB (CRIB-1 BGI2) 
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no cells surviving 
5 +: 1-10% of cells surviving. 
44: 1 0-90% of cells surviving. 
+44: 90%4 of cells surviving 
nd: not done. 



10 These data showed that viral-tolerant cell lines could be defined in this fashion. In 
addition, cells which survived this viral challenge could be grown \xp for furfh^ analyses. 
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To further define the degree of viral tolerance in such cell lines^ the cell line CRIB-1 BGI2 
#19, and viral-tolerant cells grown &om cells tiiat survived the initial challenge (line 
CKDB-1 BGI2 #19(tol)), were further analyzed using finer scale serial dilutions of BEV. 
Three-fold serial dilutions of BEV were used to infect cell lines in triplicate using the 
S procedure outlined in Section 3 (c). The results of these experiments are shown in Table S. 



TABLES 





. I>ilution of. viral stojpk ; 






l-lxW 






4.1x10"^ 


1-3x10:^ 


CRIB-1 Replicate 1 














CRIB-1 Replicate 1 
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CRIB-1 Replicate 1 












4-H- 


CRIB-1 BGI2 #19 
Replicate 1 










++ 


-H-h 


CRIB-1 BGI2 #19 
Replicate 2 










++ 


-H-+ 


CRIB-1 BGI2 #19 
Replicate 3 








+ 


+++ 


+++ 


CRIB-1 BGI2 #19(tol) 
Replicate 1 






+ 


+ 


■H-+ 


-H-f 


CRIB-1 BGI2 #19(tol) 
Replicate 2 






+ 


+ 


• ++ 


+-H- 


CRIB-1 BGI2 #19(toI) 
Replicate 3 








+ 


+++ 


-H-f 



10 -: no cells surviving 48 hr post-infection 

+: 1-1 0% of cells surviving 48 hr post-infection. 

++: 1 0-90% of cells surviving 48 hr post-infectioiL 

+++: 90%+ of cells surviving 48 hr post-infection. 

15 These data showed that the cell Unes CRIB-1 BGI2 #19 and CRIB-1 BGI2 #19(tol) were 
tolerant to higher titres of BEV than the parental CRIB-1 line. Figures 12A, 12B and 12C 
shows micrographs comparing CRIB-1 and CRIB-1 BGI2 #19(tol) cells before and 48 hr 
after BEV infection. 
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4. Analysis by nuclear transcription run-on assays 

To detect transcription of the transgene in the nucleus .of CREB-1 cells, nuclear 
transcription mn-on assays are perfonned on cell-free nuclei isolated from actively 
5 dividing cells. The nuclei are obtained according to tiie cell nuclei isolation protocol set 
forth in Example 10, above. 

Analysis of the nuclear RNA transcript for the transgene BEV2.BGI2.2VEB fiom the 
transfected plasmid pCMV.BEV2.BGI2.2VEB is performed according to the nuclear 
10 transcription run-on protocol set forth in Example 10, above. 

5. Comparison of mRNA in non-transformed and co-suppressed lines 

Messenger KNA for BEV KNA polymerase and RNA transcribed from the transgene 
IS BEV2.BGI2.2VEB are analyzed according to tiie protocol set forth in Example 10, above. 

6. Southern analysis 

Individual transgenic CRIB-1 cell lines are analyzed by Southem blot analysis to confirm 
20 integration of the transgene and determine copy number of tiie transgCTie. The procedure is 
carried out according to the protocol set forth in Example 10, above. 

EXAMPLE 14 

Co-suppression of Tyrosinase in Murine Type B16 cells in vitro 
Culturing of cell lines 

B16 cells derived from murine melanoma (ATCC CRL^322) were grown as adherent 
monolayers using RPMI 1640 supplemented with 10% v/v FBS, as described in Example 
30 10, above. 
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2. Preparation of genetic constructs 

(a) Interim plasmid 

5 Plasmid TOPO.TYR 

Total SNA was purified from cultured murine B16 melanoma cells and cDNA prq^ared as 
described in Exanqile 11. 

To amplify a region of llie murine tyrosinase gene, 2 )il of this mixture was used as a 
10 substrate for PGR amplification using the primers: 

TYR-F: GTT TCC AGA TCT CTG ATG GC [SEQ ID NO:9] 

and 

TYR-R: AGT CCA CTC TGG ATC CTA GG [SEQ ID NO:10], 

15 

The PGR amplification was performed using HotStaiTaq DNA polymerase accordii^ to 
the manufacturer's protocol (Qiagen). PCR amplification conditions involved an initial 
activation step at 9S®C for IS mins, followed by 35 amplification cycles of 94^C for 30 
sees, SS^'C for 30 sees and IT'C for 60 sees, wifli a final elongation step at 12^C for 4 
20 mins. 

The PCR amplified region of tyrosinase was column purified (PCR purification column, 
Qiagen) and then cloned into pCR (registered trademark) 2.1-TOPO according to the 
manufactorer's instroctions (Invitrogen) to make plasmid TOPO.TYR. 

25 

(b) Testplasmids 
Plasmid dCMV.EGFP 

Plasmid pCMV.£GFP (Figure 5) is enable of e:q)ressing the entire EGPP open reading 
30 frame and is used in Ais and subsequent exaxnples as a positive transfection control (refer 
to acan^le 12, 2(b)). 
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Plasmid pCMV.TYILBGn.RYT 

Plasmid pCMV.TYILBGI2.RYT (Figure 13) contains an inverted repeat, or palindrome, of 
a region of the murine tyrosinase gene that is interrupted hy the insertion of the human p- 
5 globin intron 2 sequence fherem. Plasmid pCMV.TYRJBGQJElYT was constructed in 
successive steps: (i) the TYR sequence fix>m plasmid TOPO.TYR was sub-cloned in the 
sense orientation as a BgHLAo-BaniHI fiagment into ^^/n-digested pCMV JBGI2 to make 
plasmid pCMV.TYR.BGI2, and (ii) the TYR sequence fixjm plasmid TOPO.TYR was sub- 
cloned in the antisense orientation as a BgnirXxy-BarnHi. fragment into f amlfl-digested 
10 pCMV.TYR.BGI2 to make plasmid pCMV-TYR.BGI2JRYT. 

Plasmid pCMV.TYR 

Plasmid pCMV.TYR (Figure 14) contains a single copy of mouse tyrosinase cDNA 
sequence, expression of which is driven by the CMV promoter. Plasmid pCMV.TYR was 
IS constructed by cloning tiie TYR sequence from plasmid TOPO.TYR as a jBomHI-to-Bgfll 
fragment into JSomHI-digested pCMV.cass and selecting plasmids containing the TYR 
sequence in a sense orientation relative to the CMV promoter. 

Plasmid pCMV.TYR.TYR 
20 Plasmid pCMV.TYR.TYR (Figure 15) contains a direct lepeat of the mouse tyrosmase 

cDNA sequence, expression of which is driven by the CMV promoter. Plasmid 
. pCMV.TYR.TYR was constructed by cloning the TYR sequence from plasmid 

TOPO.TYR as a Bamm-to-Bglll fragment into 5amHI-digested pCMV.TYR and selecting 

plasmids containing the second TYR sequence in a sense orientation relative to the CMV 
25 promoter. 
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5. Detection of co^uppression phenotype 

(a) Reduction of melanin pigmentation through PTGS of tyrosinase by insertion of a 
region of the tyrosinase gene into murine melanoma B16 cells 

5 

Tyrosinase is tiie major enzyme controlling pigmentation in mammals. If title gene is 
inactivated, melanin will no longer be produced by tbe pigmented B16 melanoma cells. 
This is essentially ^e same process that occurs in albino animals. 

10 Transformations were performed in 6 well tissue culture vessels. Individual wells were 
seeded with 1 x 10^ cells in 2 ml of RPMI 1640, 10% v/v FBS and incubated at 3TC, 5% 
v/v CO2 until the monolayer was 60-90% confluent, typically 16 to 24 hr. 

Subsequent procedures wa:e as described above in Example 13, 3(a), except that B16 cells 
IS were incubated with the DNA liposome complexes at 37°C and 5% v/v CO2 for 3 to 4 far 
only. 

Individual colonies of stably transfected B16 cells were cloned, maintained and stored as 
described in Exanq>le 10, above. 

20 

Thirty six clones stably transformed wifli pCMV.TYR.BGI2.RYT, 34 clones stably 
transformed with pCMV.TYR and 37 clones stably transformed with pCMV.TYR.TYR 
were selected for subsequent analyses. 

25 When the endogenous tyrosinase gene is post-transcriptionally silenced, melanin 
production in the B16 cells is reduced. B16 cells that would normally s^ear to contain a 
dark brown pigment will now appear lightly pigmented or unpigmented 
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(b) Visual monitoring of melanin productU>n in transformed B16 cell lines 

To monitor melanin conteaot of transfomied cell lines, cells were trypsinized and 
transferred to media containing FBS to inhibit trypsin activity. Cells were then coimted 
5 wiHi a haemocytometer and 2 x 10^ cells transferred to a microfuge tube. Cells were 
collected by centdfugation at 2,500 ipm for 3 min at room temperature and pellets 
examined visually. 

Five clones transformed with pCMV.TYR.BGI2JlYT, namely B16.2 1.11, B16 3.1.4, B16 
10 3.1.15, B16 4.12.2 and B16 4.12.3, were considoiably paler than the B16 controls (Figure 
16). Four clones transformed with pCMV.TYR (B16+Tyr 2.3, B16+Tyr 2.9, B16+Tyr 3.3, 
B16+Tyr 3.7 and B16+Tyr 4.10) and five clones transformed with pCMV.TYR.TYR 
(B16+TyrTyr 1.1, B16+TyrTyr 2.9, B16+TyrTyr 3.7, B16+TyrTyr 3.13 and B16+TyrTyr 
4.4) were also aignificantly paler than the B16 controls. 

15 

(c) Identification of melanin by staining according to Schmorl 

Specific diagnosis for the presjence of cellular melanin can be achieved using a modified 
Schmorl's melanin staining method (Koss, L.G. (1979). Diagnostic Cytology. J.B. 
20 Lippincott, Philadelphia). Using this method, flie presence of melanin in the cell is detected 
by a specific staining procedure that converts melanin to a greenish-black pigment 

Cell populations to be stained were resuspended at a concmtration of 500,000 cells per ml 
in RFMI 1640 medium. Volumes of 200 ^1 wm dropped onto surface-sterilized 

25 microscope slides and slides were incubated at 37^C in a humidified atmosphere in 100 
mm TC dishes until cells had adhered firmly. The medium was removed and cells were 
fixed by air drying on a heating block at 37°C for 30 min then post-fixed with 4% wA^ 
paraformaldehyde (Sigma) in PBS for 1 hr. Fixed cells were hydrated by dipping in 96% 
vhr etiiianol in distilled water, 70% vAr ethanol, 50% vAr ethanol then distilled water. Slides 

30 with adherent cells were left for 1 hr in a ferrous sul&te solution [2.5% wA^ fenous sul&te 
in water] &en rinsed in four changes of distilled wat^, 1 min each. Slides were left for 30 
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min in a solution of potassium fenicyanide [1% (w/v) potassium ferricyanide in 1 ((v/v) 
acetic acid in distilled water]. Slides were dipped in 1% v/v acetic acid (IS dips) then 
dipped in distilled water (IS dips). 

5 Cells were stained for 1-2 min in a Nuclear Fast Red preparation [0.1% w/v Nuclear Fast 
Red (CI 60760 Sigma N 8002) dissolved with heating in 5% w/v ammonimn sulfate in 
water]. Fbced and stained cells on slides were washed hy dipping in distilled water (IS 
dips). Cover slips were mounted on slides iu glycerol/DABCO [25 mg/ml DABCO (1,4- 
diazabicyclo(2.2.2)octane (Sigma D 2S22)) in 80 % v/v glycerol in PBS]. Cells were 
10 examined by bright field microscopy using a lOQx oil immersion objective. 

The results of staining with Scbmorl's stain coirelated with the simple visual data 
illustrated in Figure 16 for all cell lines. When B16 cells were stained with the above 
procedure, melanin was obvious in most cells. In contrast, fewer cells stained for melanin 
15 in tiie transformed lines B16 2.1.11, B16 3.1.4, B16 3,1.1S, B16 4.12.2, B16 4.12.3, B16 
Tyr 2.3, B16 Tyr 2.9, B16 Tyr 4.10, B16 TyrTyr 1.1, B16 TyiTyr 2.9 and B16 TyrTyr 3.7, 
consistent with the reduced total tyrosinase activity observed in tiiese cell lines. 

(d) Assaying tyrosinase enzyme activity in transformed cell lines 

20 

Tyrosinase catalyzes the first two steps of melanin synthesis: the hydioxylation of tyrosine 
to dopa (dihydroxyphenylalanine) and the oxidation of dopa to dopaqiiinone. Tyrosinase 
can be measured as its dopa oxidase activity. This assay uses Besthom's hydrazone (3- 
methyl-2-benzothiazolinonehydrazone hydrochloride, MBTH) to trap dopaquinone formed 

25 by the oxidation of L-dopa. Presence of a low concentration of N,N'-dimethylformamide 
in the assay mixture renders the MBTH soluble and the method can be used over a range of 
pH values. MBTH reacts with dopaquinone by a Michael addition reaction and forms a 
dark pink product whose presence is monitored using a spectrophotometer or plate reader. 
It is assumed that the reaction of the MBTH with dopaquinone is very rapid relative to the 

30 enzyme-catalyzed oxidation of L-dopa. The rate of production of the pink pigment can be 
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used as a quantitative measure of enzyme activity (Winder and Harris, 1991; Dufkiewicz et 
a/., 2000). 

B16 cells and transformed B16 cell lines were plated iato individual wells of a 96-well 
5 plate in triplicate. Constant numbers of cells (25,000) were transferred into individual 
wells and ceUs were incubated ovemi^t Tyrosinase assays v/ere perfomied as described 
below after either 24 or 48 hr incubation. 

Individual wells were washed with 200 |il PBS and 20 jil of 0.5% v/v Triton X-100 in 50 
10 mM sodium phosphate buffer 6.9) was added to each welL Cell lysis and 
solubilisation was achieved by freeze-thawing plates at — 70X for 30 min^ followed by 
incubating at room temperature for 25 min and 37®C for 5 tnin 

Tyrosinase activity was assayed by adding 190 id freshly-prepared assay buffer (6.3 mM 
15 MBTH, 1.1 voM L-dopa, 4% v/v N,N'-dimefhylformamide in 48 mM sodium phosphate 
buffer (pH 7.1)) to each well. Colour formation was monitored at 505 nm in a Tecan plate 
reader and data collected usmg X/Scan Software. Readings were taken at constant time 
intervals and reactions monitored at room tenq>erature, typically 22^C. Results were 
calculated as the average of enzyme activities as measured far the tripHcate samples. Data 
20 were analyzed and tyrosinase activity estimated at early time-points when product 
formation was linear, typically between 2 and 12 noin. Results ftrom these e3q)eriments are 
shown below in Tables 6 and 7. 
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TABIJS6 



Cell Line 

" •. >• . ■ ' 


^Tyrosi&ase actiyity , 
' fA Oli'SOS nni / miii / 
- 25,000 i^lls) 


'Relative :|^rosinase^. ' 
; ; BiS iMiis^^^^ 


B16 


0.0123 


100 


B16 2.1.6 


0.0108 


87.8 


B16 2.1.11 


0.0007 


5.7 


B16 3.1.4 


0.0033 


26.8 


B16 3.1.15 


0.0011 


8.9 


B16 4.12.2 


0.0013 


10.6 


B16 4.12.3 


0.0011 


8.9 


BieXyrTyrl.l 


0.0043 


34 


B16TyrTyr2.9 


0.0042 


34.1 


B16TyrTyr3.7 


0.0087 


70.7 


TABLE? 


:-..'GeilLin^ -•■■■t-" 


'Txrosihase activiiy . A 
(A Op 5d5,.nin/m£b/25j000 ' 
•V;' A; • ' ■■ijells)" ■ . ■'•.-C ■ 


■- .'R^atiye ;tyrbsiiiase 
r.'; • a^cfiVi^'irompared to . . 

- Bi6d(Blls(%) .: :v 


B16 


0.0200 


100 


B16Tyr2.3 


0.0036 


18.2 


B16Tyr2.9 


0.0017 


8.7 


B16Tyr4.10 


0.0034 


17.2 



10 



These data showed that tyrosinase enzyme activity was inhibited in lines transfoimed with 
the constructs pCMV.TYR.BGI2.RYT, pCMV.TYR and pCMV.TYR.TYR 
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4. Anafysis by nuclear transcription run-^n assays 

To detect traascription of the transgene RNAs in the nucleus of B16 cells, nuclear 
transcription run-on assays were performed on nuclei isolated fiom actively dividing cells. 
5 The nuclei were obtained according to the cell nuclei isolations protocol set forth in 
Example 10, above. 

Analysis of the nuclear KNA transcripts for the transgene TYILBGI2 JIYT from the 
transfected plasmid pCMV.TYILBGI2ItYT and the endogenous tyrosinase gene is 
10 performed according to the nuclear transcription run-on protocol set forth in Example 10, 
above. 

To estimate transcription rates of ttie ^adogenous tyrosinase gene in B16 cells and the 
transformed lines B16 3.1.4 and B16 Tyr Tyr 1.1, nuclear transcription nm-on assays were 
IS performed on nuclei isolated fiom actively dividing cells. The nuclei were obtained 
according to the cell nuclei isolation protocol set forth in Example 10, above, and run-on 
transcripts w^re labelled witii biotin and purified using streptavidin cq>ture as outlined in 
Exaixq>le 10. 

20 To determine the transcription rate of the mdogmous tyrosinase gene in tiie above cell 
lines, the amount of biotin-labelled tyrosinase transcripts isolated fiom nuclear run-on 
assays was quantified using real time PGR reactions. The relative transcrqition rates of the 
endogenous tyrosinase gene wm estimated by comparing tiie levels of biotin-labelled 
tyrosinase KNA to the levels of a ubiquitously-expressed endogenous transaip^ namely 

25 murine glyceraldehyde phosphate dehydrogenase (GAPDH). 

The levels of e3q>ression of both the endogenous tyrosinase and mouse GAPDH genes 
were det^mined in diq)lex PGR reactions. To permit quantitative interpretation of these 
data, a standard curve was generated using oligo dT-purified SNA isolated from B16 cells. 
30 Oligo dT-purification was achieved using Dynabeads mKNfA DIRECT Micro Kit 
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according to the manu&ctureir's instructions (Dynal). Results firom these analyses are 
shown in Table 8. 

TABLES 



5 



CeULine- 


I^oskase^dGAPpiaRI^levelsv . 
ip biotinKlaptiwed nu^ear, 
> . •; . . •"' tiWsciiptioiiiridispDiQRNAs'' y . £ 


Relatiye trahscriptidn 
. : rate qf Tyrosinase 








•■.'^.•%ci-..\* 


' ' .' "' A . ... 
* 1. *■**■■ ••*^* {.."•■ • * 


B16 


38.6 


27.2 


11.5 


1.00 


B16 3.1.4 


36.5 


24.4 


12.1 


0.65 


B16TyiTyrl.l 


38.5 


26.2 


12.4 


0.59 



These data show clearly that rates of transcription firom the endogenous tyrosinase gene in 
the nuclei of the two silenced B16 cell lines B16 3.1.4 and B16 TyiTyr 1.1, transformed 
10 with pCMV.TYR3GI2JlYT and pCMV.TYILTYR, respectively, ate not significantly 
different fix)m the rate of transcription from the tyrosinase geae in nuclei of non- 
transformed B 16 cells. 

5* Comparison of mKNA in non-transformed and co-suppressed lines 

15 

Messenger RNA for endogenous tyrosinase and RNA transcribed from the transgene 
TYR.BGI2,RYT are analyzed according to the protocols set forth in Example 10, above. 

To obtain accurate estimates of tyrosinase mKNA levels in B16 and transformed lines, real 
20 time PGR reactions were employed. Results from these analyses are shown in Table 9. 



wo 01/70949 



PCT/AnOl/00297 



-89- 



TABLE9 



Cell Line ^ 


. Tyrosinase imd^GlAPDH nil 
oligo-dT piirified tbta] 


INA levieis .ill .., 
I KPifAs . 


Rdatiye'Ievels of 
tyrosinase mRNA . 




CtTYR 


CtGAPDH 


AC 




B16 


33.5 


21.9 


11.7 


1.0 


B16 3.1.4 


33.8 


22.1 


11.7 


1.0 


B16TyrTyrl.l 


35.1 


23.0 


12.1 


0.7 



These data show clearly that the level of tyrosinase mRNA (as poly(A)RNA) in the two 
5 silenced B16 cell lines B16 3AA and B16 TyiTyr 1.1, transfonned with 
pCMV.TYR.BGI2 JRYT and pCMV.TYR.TYR, respectively, are not significantly different 
fix>m the level of tyrosinase mRNA in non-traosfomied B16 cells. 



d. Southern analysis 

10 

^dividual transgenic B16 cell lines are analyzed by Southem blot analysis to confirm 
integration and determine copy number of the transgene. The procedure is carried out 
according to the protocol set forth in Example 10, above. 

IS EXAMPLE 15 

Co-suppression of tyrosinase in Mas musculus strains C57BL/6 and 
C57BL/6xDBl hybridin vivo 

i. Preparation of constructs 

20 

The interim plasmid TOPO.TYR and test plasmid pCMV.TYR.BGI2.RYT were generated 
as described in Example 14, above. 
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2. Generation of transgenic mice 

Transgenic mice were generated Arou^ genetic modification of pronuclei of zygotes. 
After isolation &om oviducts, zygotes were placed on an injection microscope and the 
S transgene^ in the fomL of a purified DNA solution, was injected into the most visible 
pronucleus (U.S. Patent No. 4,873,191). 

Pseudo-pregaant female mice were generated, to act as 'Recipient mothers", by induction 
into a hormonal stage that ndmics pregnancy. Injected zygotes were tiben either cultured 

10 overnight in order to assess their viability, or transferred immediately back into tiie 
oviducts of pseudo-pregnant recipients. Of 421 injected s^ygotes, 255 were transferred. 
Transgenic off-spring resulting from these injections are called ^Younders". To determine 
that die transgene has integrated into the mouse genome, off-spiing are genotyped after 
weaning. Genotyping was carried out by PGR and/or by Southem blot analysis on genomic 

IS DNA purified fix>m a tail biopsy. 

Founders are then mated to begin establishing transgenic lines. Founders and their 
ofiEspring are maintained as separate pedigrees, since each pedigree varies in transgene 
copy number and/or chromosomal locatioiL Therefore, each transgenic mouse generated 
20 by pronuclear injection is the founder of a new strain. If tiie founder is female, some piq>s 
fiom the first letter are analyzed for transgene transmission. 

5. Detection of co^uppression phenotype 

25 Visual read-out of successfiil transgenic mice is an alteration to coat colour. Skin-cell 
biopsies are harvested fiom transgenic nuce and cultured as primary cultures of 
melanocytes by standard methods (Bennett et al., 1989; Spanalds et aL, 1992; Sviderskaya 
etal,, 1995). 

30 The biopsy area of adult mice is shaved and the skin sur£u:e-sterilized wilh 70% vN 
ethanol then rinsed with PBS. The skin biopsy is removed under sterile conditions. 
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SaixQ)liiig of skin fiom newborn mice isis done after sacrifice of tiie animal, wbich isis then 
ished in 70% v/v etiianol and rinsed in PBS. Skin samples are dissected under sterile 
conditions. 

5 All biopsies are stored in PBS in 6-well plates. To obtain single cell suspensions, PBS is 
pipetted ofT and skin samples cut into small pieces (2x5 mm) with two scalpels and 
incubated in 2x trypsin (5 mg^ml) in PBS at 37^C for about 1 br for newbom samples and 
iq> to IS hr in Ix trypsin (2.S mg/ml) at 4^C for samples of adult skin (O.S g in 2.5 ml). 
This digestion separates epidermis fiom dermis. Trypsin is replaced with SPMI 1640 

10 medium to stop enzyme activity. The ^idennis of each piece is s^arated with fine forcqis 
(sterile) and isolated epidermal samples are collected and pooled in Ix trypsin in PBS. 
Single cell suspensions are prepared by pipetting and separated cells are collected in RPMI 
1640 medium. Trypsinization of epidermal sanq>les can be repeated. Pooled epidermal 
cells are concentrated by gentie centrifugation (1000 rpm for 3 min) and resuspended in 

15 growth medium [RPMI 1640 with 5% v/v FBS, 2 mM L-glutamine, 20 units/ml penicillin, 
20 p.g/ml streptomycin plus phoibol 12-myristate 13-acetate (PMA) 10 ng/ml (16 nM) and 
cholera toxin (CTX) 20 ng/ml (1.8 nM)]. Suspensions are transferred to T25 flasks and 
incubated without disturbance for 48 hr. Medium is changed and unattached cells removed 
at 48 hr. After a further 48-72 br incubation, the medium is discarded, the attached cells 

20 ished with PBS and treated with Ix trypsin in PBS. Melanocytes become prefi^ntially 
detached after this treatment and the detached cells are transferred to fresh medium in new 
flasks. 

Melanocytes in tissue culture are easily distinguishable fix>m keratinocytes by then 
25 morphology. Keratinocytes have a round or polygonal sh^qpe; melanocytes s^ear bipolar 
or polydendritic. Melanocytes may be stained by SchmorPs method (see Example 14, 
above) to detect melanin granules. la addition, sanq>les of cultures grown on cover slips 
are investigated by immunofluorescence labelling (see Example 10, above) with a primary 
murine monoclonal antibody against MART-1 (NeoMadcers MS-614) which is an antigen 
30 found in melanosomes. This antibody does not cross-react with cells of epitiielial, 
lymphoid or mesenchymal origin. 
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4. Analysis by nuclear transcrqrtion run-^fn assays 

To detect transcription of the tyrosinase CTdogenous gene and transgene RNAs in the 
S nucleus of primary culture melanocytes, nuclear transcription run^n assays are 
perfoimed on cell-fiee nuclei isolated from actively dividing cells, accoxding to the cell 
nuclei isolation protocol set forth in Example 10, above. 

Analysis of nuclear RNA transcripts for the tyrosinase endogenous gene and the transgene 
10 from the transfected plasmid pCMV.TYKBGI2KYT are performed according to the 
nuclear transcr^tion run-on protocol set forth in Example 10, above. 

5. Comparison of mRNA in non-transformed and co-suppressed lines 

IS Messenger RNA for endogenous tyrosinase and KNA transcribed from the transgene 
TYR.BGI2.RYT are analyzed according to the protocols set forth in Example 10, above. 

6. Southern anafysis 

20 Primary culture melanocytes are analyzed by Southern blot analysis to confirm integration 
and detemiine copy number of the transgene. Ibis is carried out according to the protocol 
set forth in Example 10, above. 



I 
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EXAMPLE16 
CiHSuppression of (XrlfSp-galactosyl transferee (Gall) in 
Mus muscuiits strain €5731/6 in vivo 

5 h Preparation of genetic constructs 

(a) Plasmid TOPO.GALT 

Total RNA was purified fiom cultured murine 23D17 neural cells and cDNA prepared as 
10 described in Example 11. 

To aniplify the 3'-UTR of the murine a-l,3,-galactosyl transferase (GalT) gene, 2 {il of 
Hus mixture was used as a substrate for PGR anq>lification using the primers: 

15 GALT-F2: CAC AGA GAG ATC TCT TCA QG [SEQ DO NO:ll] 

and 

GALT-Rl: ACT TTA GAC GGA TCC AGC AC [SEQ ID NO:12]. 

The FCR amplification was performed using HotStaxTaq DNA polymerase according to 
20 the manu&cturer's protocol (Qiagen). PGR amplification conditions involved an initial 
activation step at 95®C for 15 mins, followed by 35 amplification cycles of 94''C for 30 
sees, 55X for 30 sees and 72®C for 60 sees, with a final elongation step at 72*'C for 4 
mins, 

25 The PGR amplified region of GalT was column purified (PGR purification column, 
Qiagen) and then cloned into pCR2.1-TOPO according to the manu&cturer's instmctions 
(Invitrogen), to make plasmid TOPO«GALT. 
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(bj Testplasmid 
PlasmidvCMV,GALTBGI2.TLAG 

Plasmid pCMV.GALT.BGI2.TLAG CPigure 17) contains an inverted repeat, or 
S palindrome, of a region of the Murine S'UTR GalT gene that is interrapted by the insertion 
of the human p-globin intron 2 sequence fhCTeiiL Plasmid pCMV.GALT3GI2.TLAG was 
constructed in successive steps: (i) the GALT sequence fixim plasmid TOPO.GALT was 
sub-cloned in the sense orientation as a BgnL-Xo-BaniESl fragment into jB^/D-digested 
pCMV.BGI2 to make plasmid pCMV.GALT.BGI2, and (ii) the GALT sequence from 
10 plasmid TOPO.GALT was sub-cloned in the antisense orientation as a ^giU-to-jBomHI 
fragment into fomHI-digested pCMV.GALTJBGEZ to make plasmid 
pCMV.GALT.BGI2.TLAG. 

2. Generation of transgenic mice 

15 

Transgenic mice were generated tbrougji gmetic modification of pronuclei of zygotes. 
After isolation fiom oviducts, zygotes were placed on an injection microscope and the 
transgene, in the form of a purified DNA solution, was injected into the most visible 
pronucleus (US patent number 4,873,191). 

20 

Pseudo-pregnant female mice were generated, to act as **recq)ient mothers", by induction 
into a hormonal stage that mimics pregnancy. Ejected zygotes were then either cultured 
overnight in order to assess theur viability, or transferred immediately back into the oviduct 
of pseiido-pregnant recipients. Of 99 injected zygotes, 25 were transferred. Transgenic oflF- 
25 spring resulting from these injections are called "founders". To determine that the 
transgene has integrated into the mouse genome, off-spring are genotyped after weaning. 
Geno^ing was carried out by PGR and/or by Southern blot analysis on genomic DNA 
purified fit>m a tail biopsy. 

30 Founds are thm mated to begin establishing transgenic lines. Founders and their 
offspring are maintaine d as separate pedigrees, since each pedigree varies in transgene 
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copy number and/or chromosomal location. Therefore, each transgenic mouse gmerated 
by pronuclear injection is the founder of a new strain. If the founder is female, some pups 
from the first letter are analyzed for transgene transmission. 

S 5. Detection of co^uppression phenotype 

The enzyme a-l,3,-galactosyl transferase (GalT) catalyzes the addition of galactosyl sugar 
residues to cell sur&ce proteins in cells of all matntrialQ except humans and other primates. 
The epitope enabled by the action of GalT is the predominant antigen responsible for the 
10 rejection of xenotransplants in humans. Cytological analyses of GalT expression levels in 
peripheral blood leukocytes (PBL) and splenocytes using FACS confirms the down 
regulation of the gene's activity. 

Analysis of Peripheral Blo od Leukocytes and Splenocvtes from transgenic mice bv FACS 
15 To analyze cells &om transgenic mice transformed with the GalT construe^ FACS assays 
on periphratd blood leukocytes (PBL) and splenocytes are undertaken. White blood cells 
are the most convenient source of tissue for analysis and these can be isolated firom either 
PBL or splCTocytes. To isolate PBI^ mice are bled ftom an eye and 50 to 100 ill of blood 
collected into heparinized tubes. The red blood cells (RBCs) are lysed by treatment with 
20 NH4CI buffer (0.168M) to recover tbe PBLs. 

To obtain splenocytes, animals are euthanased, the spleens removed and macerated and 
RBCs lysed as above. The generated splenocytes are cultured in yitro in the presence of 
rQterleukin-2 (IL-2; Sigma) to generate short term T cell cultures. The cells are then fixed 

25 in 4% w/v PFA in PBS. All steps are performed on ice. GalT activity can be most 
conveniently assayed using a plant lectin (IB4; Sigma), whidi binds specifically to 
galactosyl residues on cell surface proteins. GalT is detected on the cell surface by binding 
IB4 conjugated to biotin. The leukocytes are then treated with str^tavidin conjugated to 
Cy5 fluorophore. Another cell marker, tiie T cell specific glycoprotein Thy-1, is labelled 

30 with a fluorescein isoMocyanate-conjugated antibody QFYIC; Sigma). The leukocytes are 
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incubated in amixtuie of the leageats for 30 min to label the cells. Afier washing, the cells 
are analyzed on the FACScan. (Tearle, ILG. et al.. 1996). 

4. Anafysis by nuclear transcription run-on assays 

5 

To detect transcription of transgene KNAs in the nucleus of splenocytes, nuclear 
transcrgftion run-^n assays are performed on cell-fiee nuclei isolated from actively 
dividing cells. In vitro culturing of spl^ocytes in tiie presence of IL-2 generates short tenn 
T cell cultures. The nuclei are obtained according to the cell nuclei isolation protocol for 
10 suspension cell cultures, set forth in Example 10 above. 

Analysis of nuclear RNA transcripts for the GalT endogenous gene and the transgene fix>m 
the transfected plasmid pCMV.GALT.BGI2.TLAG is performed according to the nuclear 
transcription run-on protocol set forth in Example 10, above. 

15 

5. Comparison of mRNA in non-transformed and co-suppressed Ones 

MessengCT RNA for endogenous GalT and KNA transcribed fiiom the transgene 
20 GALT.BGI2.TLAG are analyzed according to the protocols set forth m Example 10, 
above. 

6. Southern analysis 

25 Individual transgenic splenocyte cell lines are analyzed by Southern blot analysis to 
con&m integration and determine copy number of the transgenes. This is carried out 
according to the protocol set forth in Exaniple 10, above. 
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EXAMPLE 17 

Co-suppression of mouse thymidine kinase in NIH/3T3 cdOs in vitro 

Cells produce ribonucleotides and deoxyribonucleotides via two pathways - de novo 
5 synthesis or salvage synthesis. De novo synthesis is the assembly of nucleotides fix>m 
simple compounds such as ainino acids, sugars, CQ2 and NH3. The precursors of purine 
and pyrimidine nucleotides, inosine S'-monophosphate (IMP) and uridine S'- 
monophosphate (UMP) respectively, are produced first by this pathway. De novo synthesis 
of IMP and thymidine S'-monophosphate (TMP) requires tetrahydrofolate derivatives as 
10 co-&ctors and de novo synthesis of tiiese nucleotides is blocked by the antifolate 
aminopterin which inhibits dihydrofolate reductase. Salvage synthesis refers to enzymatic 
reactions that convert firee preformed purine bases or thymidine to their corresponding 
nucleotide monophosphates (NMP). When de novo synthesis is blocked, salvage enzymes 
enable the cell to survive while pre-formed bases are present in the medium. 

15 

Mammalian cells normally express several salvage enzymes including thymidine kinase 
(TK) which converts thymidine to TMP. The dmg 5-bromo*2'-deoxyuridine (BrdU; 
Sigma) selects cells fliat lack TK. In cells with functioning TK, the ^ozyme conv^ the 
drug analogue to its corresponding S'-monophosphate which is lethal when incoiporated 
20 into DNA. Conversely, cells lacking TK expression are unable to grow in HAT medium 
(Life Technologies) which contains both aminopterin and &ymidine. The first factor in the 
siq>plement blocks de novo synthesis of NMPs and the second provides a substrate for the 
TK salvage padiway so that cells with that pathway intact are able to survive. 

25 1. Cuburing ofNIB/3T3 cOl lines 

Cells of the murine fibroblast-like line NfflTSTS (ATCC CRL-1658) were grown as 
adherent monolayers in DMEM, si4>plemented with 10% v/v FBS and 2 mM L-glutamine 
as described in Example 10, above. Cells were routinely grown in incubators at 37**C in an 
30 atmosphere containing S% v/v CO2. 
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2. Preparation of genetic constructs 

(a) Interim Plasmid 

5 Plasmid TOPOJ^dTK 

A tegioii of the murine fhymidine kinase gene was amplified by PGR using murine cDNA 
as a template. The cDNA was prepared j&om total RNA isolated from the murine 
melanoma line, B16. Total RNA was purified as desmbed in £xanq)le 14, above. Murine 
fhymidine kinase sequences were amplified using the primers:- 

10 

MTKl: AGA TCT ATT TTT CCA CCC ACG GAC TCT COG [SEQ ID NO:13] 

and 

MTK4: GGA TCC GCC ACG AAC AAG GAA GAA ACT AGC [SEQ ID NO: 14]. 



15 



The amplification product was cloned into pCR (registered trademark) 2.1-TOPO to create 
the intemediate clone TOPO.MTKL 
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(b) TestPlasmid 

Plasmid uChfVJidTKLBGn.KTM 

Plasmid pCMVMrK£GI2.KTM (Figure 18) contains an inverted repeat or palindrome of 
S the murine thymidine kinase coding region that is intemq>ted by the ins^on of tiie human 
P-globin intron 2 sequence therein. Plasmid pCMVJ^lTKJ3GI2£TM was constructed in 
successive steps: (i) flie MIK sequence fiom plasmid TOPOMIK was sub-cloned in the 
sense orientation as a BgULAo-BamHl fragmCTt into ^g^flOE-digested pCMV3GI2.cass 
(Example 11) to make plasmid pCMVJ^lTILBGE, and (ii) the MTK sequence fiom 
10 plasmid TOPO.MTK1 was sub-cloned in the antisense orientation as a BgnL-Xo-BaniSL 
fragment into ^omHI-digested pCMVJMTK£GI2 to make plasmid 
pCMVJwrrK.BG12^TM- 

5. Detection of co^uppression phenolype 

15 

(a) Insertion of TK^-expressing transgene into NIH/3T3 cells 

Transformations were performed in 6-well tissue culture vessels. Individual wells were 
seeded with 1 x 10^ cells in 2 ml of DMEM, 10% vAr EBS and incubated at 37**C, 5% v/v 
20 CO2 until the monolayer was 60-90% confluent, typically 16 to 24 hr. 

Subsequent procedures were as described above in Exair^le 13, 3(aX fflcept that NIH/3T3 
cells were incubated with the DNA liposome complexes at 37**C and 5% vN CO2 for 3 to 4 
hronly. 

25 

0}) Post'transcriptional silencing of the mouse IK gene in NIH/3T3 cells 

NIH/3T3 cells with PTGS of TK are able to. tolerate addition of BrdU (NeoMaikers) to 
their normal growth medium at levels of 100 ^g/ml and continue to replicate under this 
30 regune. Populations of similarly treated control NIH/3T3 cells cease to rq>licate and cell 
numbers do not increase after culture for seven days in BrdU-containiag medium. Control 
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NIEi/3T3 cells are able to rq>licate in growfh medium containizig Ix HAT stpplement, 
while cells with PTGS of TK are unable to grow under these conditions. Further evidence 
of PTGS of TK is obtained by monitoiing incorporation of BrdU in the nucleus via 
immunofluorescence staining (see Example 10^ above) of the cell using a monoclonal 
5 antibody directed against BrdU. Clones that fulfil aU criteria - (i) resistance to the lethal 
effects of BrdU; (ii) loss of the nucleotide salvage pathway, and (iii) lack of incoiporation 
of BrdU in the nucleus - undergo direct testing of PTGS via nuclear transcription run-on 
assays. 

10 4. Anatysis by nuclear transcription run-^n assays 

To detect transcription of the transgene RNA in the nucleus of NIEI/3T3 cells, nuclear 
transcription run-on assays are performed on cell-free nuclei isolated from actively 
dividing cells. The nuclei are obtained according to the cell nuclei isolation protocol set 
1 5 forth in BKan:q)l6 1 0, above. 

Analysis of the nuclear RNA transcripts for the transgene MTKJBGI2XTM from the 
transfected plasmid pQvfVJvfTKJ3GI2£TM and the endogenous TK gene is performed 
according to the nuclear transcription run-on protocol set forth in Example 10, above. 

20 

5. Comparison of mRNA in non-transformed and co-suppressed lines 

Messenger RNA for endogenous TK and KNA transcribed from tilie transgene 
MTKBGI2.KTM are analyzed according to the protocols set forth in Bxanqile 10, above. 

25 

d. Southern analysis 



Individual transgenic NIH/3T3 cell lines are analyzed by Southern blot analysis to confirm 
integration and determine copy number of the transgene. The procedure is carried out 
30 according to the protocol set fordi in Example 10, above. 
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EXAMPLE18 
Co-suppression ofHER-I in MDA'MB'468 cells in vitro 

HER'2 (also desigaated neu and erbB-2) encodes a 185 kDa transmembrane rec^tor 
5 tyrosine kinase that is constitutively activated at low levels and displays potent oncogenic 
activity when over-expressed. HER-2 protein ovCT-e^qxression occurs in about 30% of 
invasive human breast cancers. The biological function of HER-2 is not well understood. It 
shares a common structural organisation with other members of the q>idermal growth 
factor receptor family and may participate in similar signal transduction pathways leading 
10 to changes in cytoskeleton reorganisation, cell motihly, protease expression and cell 
adhesion. Ov6r-^q>ression of HER-l in breast cancer cells leads to increased 
tumorigenicity, invasiveness and metastatic potential (Slamon et al., 1987). 

1. Culiuring of cell lines 

15 

Human MDA-MB-468 cells were cultured in RPNQ 1640 siq>plemented with 10% v/v 
FBS. Cells were passaged twice a week by treating with trypsin to release ceUs and 
transferring a proportion of the culture to fresh medium, as described in Example 10, 
above. 

20 

2. Preparation of genetic constructs 

(a) Interim Plasmid 

25 Plasmid TOPO.HER^2 

A region of the human HER-l gene was amplified by PGR using human cDNA as a 
teaq>late. The cDNA was prepared from total RNA isolated fitim a human breast tumour 
line, SK-BR-3. Total RNA was purified as described in Example 14, above. Human HER-l 
sequences were amplified using the primers:- 

30 
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Hl : CTC GAG AAG TGT GCA CCG GCA CAG ACA TG [SEQ ID NO:15] 

and 

H3: GTC GAG TGT GTT CCA TCC TCT GCT GTC AC [SEQ ID NO:16]. 

5 The amplification product was cloned into pCR (registered trademaik) 2.1-TOPO to create 
the intennediate clone TOPO JIER-2. 

(b) TestPlasmid 

10 Plasmid vCMV.HER2.BGI2.2mH 

Plasmid pCMV.HER2.BGI2.2RBH (Figure 19) contains an inverted repeat or palindrome 
of the HER-2 coding region that is intmi^ted by the insertion of the human P-globin 
intron 2 sequence therein. Plasmid pCMV.HER2.BGI2.2REH was constructed in 
successive steps: (i) the HER-2 sequence fiom plasmid TOPO JEIER2 was sub-cloned in the 

15 sense orientation as a SaWJOiol firagment into &xn-digested pCMV.BGI2.cass (Example 
11) to make plasmid pCMV.HER2SGI2, and (ii) the HER2 sequence fiom plasmid 
T0PO.HER2 was sub-cloned in the antisense orientation as a SalUXhol firagment into 
-Xtol-digested pCMV.HER2.BGI2 to make plasmid pCMV JIER2,BGI2.2REH. 

20 5. Deiermination of on^sei of co-suppression 

(a) Transection of HER-l constructs 

Transformations were performed in 6-well tissue culture vessels. Individual wells were 
25 seeded with 4 x 10^ MDA-MB-468 cells in 2 ml of RPMI 1640 medium, 10% v/v FBS and 
incubated at 37°C, 5% v/v CO2 until flie monolayer was 60-90% confluent typically 16 to 
24 hr. 



Subsequent procedures were as described above in Exanq>le 13, 3(a), except that MDA- 
30 MB-468 cells were incubated with the DNA liposome complexes at 37X and 5% v/v CO2 
for 3 to 4 hr only. Thirty-six transformed cell lines were isolated for subsequent analysis. 
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(b) Post'transcriptional silencing of HER'2 in MDA'MB-468 cells 

MDA-MB-468 cells over-^cpiess HER-2 and PTGS of fhe gene in geneticin-selected 
S clones derived from fhis cell line are tested initially by inununofluorescence labelling of 
clones (see ^anq>le 10, above) with a primary murine monoclonal antibody directed 
against the extracellular domain of HER-2 protein (Transduction Laboratories and 
NeoMaikers). Comparison of HER-2 protein levels among (i) MDA-MB-468 cells; (ii) 
clones exhibiting evidence of PTGS of the gene, and (iii) control human cell lines, are 
10 undertake via western blot analysis (see below) with the anti-HER-2 antibody. Clones 
that fulfil the criterion of absence of expression of H^-2 protein undergo direct testing of 
PTGS via nuclear transcription run-on assays. 

To analyze HER-2 e^qnression in MDA-MB-468 ceUs and transformed lines, cells were 
IS examined using immunofluorescent labelling as described in Example 10. The primary 
antibody was a mouse Anti-erbB2 monoclonal antibody (Transduction Laboratories, Cat. 
No. E19420, an IgG2b isotype) used at 1/400 dilution; the secondary antibody was Alexa 
Fluor 488 goat anti-mouse IgG (H+L) conjugate ^Molecular Probes, Cat No. A-llOOl) 
used at 1/100 dilution. As a negative control, MDA-MB-468 cells (parental and 
20 transformed lines) were probed with Alexa Fluor 488 goat and-mouse IgG (H+L) 
conjugate only. 

Several MDA-MB-468 cell lines transformed with pCMV.HER23GI2.2REH were found 
to have reduced immunofluorescence, examples of which are illustrated in Figures 20A, 
25 20B,20Cand20D. 

(c) FACS analysis to define cell lines showing reduced expression ofHer^l 

To determine the lefvel of expression of HER-2 in transformed cell lines, qiproximately 
30 500,000 cells grown in a 6-well plate were washed twice with 1 x PBS then dissociated 
with 500 fil cell dissociation solution (Sigma C 5789) according to the manu&cturer's 
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mstructions (Sigma). Cells were transferred to medium in a microcentrifiige tube and 
collected by CCTtifugadon at 2,500 ipm for 3 min. The siq)eniatant was removed and cells 
resuspended in 1 ml 1 x PBS. 

5 For fixation, cells were collected by centrifUgation as above and suspended in 50 (U PBA 
(1 X PBS, a 1 % w/v BSA fraction V (Trace) and 0.1 % w/v sodium azide) followed by the 
addition of 250 jil of 4 % wAr parafomialdehyde in 1 x PBS. and incubated at 4*'C for 10 
min. To penneabilize cells, cells wctb collected by centnfugation at 10,000 ipm for 30 sec, 
the siqyematant removed and cells suspmded in 50 {il 0.25 % wA^ saponin (Sigma S 4521) 
10 in PBA and incubated at 4''C for 10 min. To block ceUs, cells were collected by 
centrifugation at 10,000 rpm for 30 sec, the supernatant removed and cells suspended in 50 
jil PBA, 1 % vAr FB S and incubated at 4^C for 1 0 min. 

To quantify HER-2 protein, fixed, penneabilized cells were probed with Anti-erbB2 
15 monoclonal antibody (Transduction Laboratories) at 1/100 dilution followed by Alexa 
Fluor 488 goat anti-mouse IgG conjugate (Molecular Probes) at 1/100 dilution. Cells were 
tiien analysed by FACS using a Becton Dickinson FACSCalibur and Cellquest software 
(Becton Dickinson). To estimate true background fluorescence values, unstained MDA- 
MB-468 ceUs were probed with an irrelevant primary antibody (MART-1, an IgG2b 
20 antibody (NeoMaika:s)) and the Alexa Fluor 488 secondary antibody, both at 1/100 
dilutions. Examples of FACS data are shown in Figures 21A, 21B and 21C. Results of 
analyses of all cell lines are compiled in Table 10. 
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TABL£10 



»■ .• -jj .;;'CfeII:i!Uaiii:\, •. - -r '■, z;^- 
■ : •• ■' ■> i . "i ' 


■ ^Mesiii.. .• 
^^FluoresciEaice \. 


' -^GlebmeiHc ineak 


M«ii ^ ; " . ; 
AFliioreseeiice 


MDA-MB-468 Ccontrol.1) 


5.07 


4.72 


4.78 


MDA-MB-468 (conti:Dl.2) 


137.24 


- 121.68 


117.57 


MDA-MB-468 


1224.90 


1086.47 


1175.74 


MDA-MB-468 1.1 


1167.94 


1056.17 


1124.04 


MDA-MB-468 1.4 


781.72 


664.67 


673.17 


MDA-MB-468 1.5 


828.34 


673.82 


710.50 


MDA-MB-468 1.6 


925.16 


807.09 


850.53 


MDA-MB-468 1.7 


870.81 


749.27 


791.48 


MDA-MB-468 1.8 


1173.92 


938.72 


1124.04 


MDA-MB-468 1.10 


701.24 


601.84 


604.30 


MDA-MB-468 1.11 


1103.18 


980.10 


1064.99 


MDA-MB-468 1.12 


817.39 


666.61 


710.50 


MDA-MB-468 2.5 


966.72 


862.76 


905.80 


MDA-MB-468 2.6 


752.70 


633.49 


649.38 


MDA-MB-468 2.7 


842.00 


677.15 


716.92 


MDA-MB-468 2.8 


986.05 


792.13 


881.68 


MDA-MB>468 2.9 


802.36 


686.06 


716.92 


MDA-MB-468 2.10 


1061.79 


944.49 


1009.04 


MDA-MB-468 2.12 


931.63 


790.81 


820.47 


MDA-MB-468 2.13 


894.47 


792.46 


827.88 


MDA-MB-468 2.15 


1052.87 


946.79 


1009.04 


MDA-MB-468 3.1 


1049.88 


931.96 


991.05 


MDA-MB-468 3.2 


897.00 


802.43 


842.91 


MDA-MB-468 3.4 


981.63 


858.95 


913.98 


MDA-MB-468 3.5 


1072.00 


930.17 


982.17 


MDA-MB-468 3.7 


1098.95 


993.26 


1036.63 


MDA-MB-468 3.8 


1133.86 


1026.31 


1074.61 


MDA-MB-468 3.9 


831.73 


729.32 


763.51 


MDA-MB-468 3.12 


1120.82 


998.67 


1064.99 


MDA-MB-468 3.13 


1039.41 


963.71 


1036.63 


MDA-MB-468 4.5 


. 770.93 


681.01 


697.83 


MDA-MB-468 4.7 


838.16 


752.74 


784.39 


MDA-MB-468 4.8 


860.76 


769.51 


813.12 


MDA-MB-468 4.10 


1016.21 


904.69 


947.46 


MDA-MB-468 4.11 


870.10 


776.73 


813.12 


MDA-MB-468 4.12 


986.93 


857.20 


913.98 


MDA-MB-468 4.13 


790.41 


712.25 


743.18 


MDA-MB-468 4.14 


942.36 


842.34 


873.79 


MDA-MB-468 4.16 


771.81 


677.69 


697.83 
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**MDA-MB-468 control.1" is MDA-MB-468 cells without staining - neiflier primary nor 
secondary antibody* *MDA-MB-468 control^" is MDA-MB-468 cells stained with 
irrelevant primary antibody MART-1 and flie Alexa Fluor 488 secondary antibody. All 
other cells, as described, were stained with Anti-exbB2 primary antibody and Alexa Fluor 
5 488 secondary antibody. 

These data showed that MDA-MB-468 cells transformed with pCMV JIER2J3GI2.2REH 
have significantly reduced expression of HER-2 proteiiL 

10 4. Anafysis by nuclear transcription run-on asstxys 

To detect transcription of the transgene RNA in the nucleus of MDA-MB-468 cells nuclear 
transcription run-on assays are performed on cell-firee nuclei isolated Scorn actively 
dividing cells. The nuclei are obtained according to the cell nuclei isolation protocol set 
1 5 forth in Example 10» above. 

Analysis of nuclear RNA transa:q>t5 for the transgene HER2JBGI2.2REH and the 
endogenous HER-2 gene is p^ormed according to the nuclear transcription run-on 
protocol set forth in Example 10, above. 

20 

5. Comparison ofmKNA in non'4ransformed and co-suppressed lines 

Messenger RNA for flie endogenous HER-2 gene and RNA transcribed fiom the transgene 
HER2.BGI2.2REH axe analyzed according to flie protocols set forth in Example 10, above. 

25 

& Southern anafysis 

Individual transgenic NIH/3T3 cell lines are analyzed by Southern blot analysis to confirm 
integration and determine copy number of the transgene. The procedure is carried out 
30 according to the protocol set forth in Example 10, above. 
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7. Western blot analysis 

Selected clones and control MDA-MB-468 cells are grown overnight to near-confluence 
on 100 mm TC plates (10^ cells). Cells in plates aie first washed with buffer containing 
S phosphatase inhibitors (SO mM Tns-HCl pH 6.8, 1 mM Na4P207, 10 znM NaF, 20 pM 
NaaMoOA^ 1 mM Na3V04), and then screed fiom the plate in 600 pi of lysis buffer (SO 
mM Tris-HCl pH 6.8, 1 mM Na4P207, 10 mM NaF, 20 pM Na2Mo04, 1 mM Na3V04. 2% 
w/v SDS) which has been heated to 100°C. Suspensions are incubated in screw-ci^ped 
tubes at lOO'^'C for 15 min. Tubes with lysed cells are centrifuged at 13,000 ipm for 10 
10 min; siqiematant extracts are removed and stored at -20°C. 

SDS-PAGE 10% vN separating and 5% vA^ stacking gels (0.75 mm) are prepared in a 
Protean apparatus (BioRad) using 29:1 acrylaniide:bisacrylamide (Bio-Rad) and Tiis-HCl 
buffers at pH 8.8 and 6.8, respectively. Volumes of 60 |il fix>m extracts are combined with 

15 20 yl of 4x loading buffer (50 mM Tris-HCl pH 6.8, 2% w/v SDS, 40% v/v glycerol, 
bromophenol blue and 400 mM ditfaiothreitol added before use), heated to lOO^C for 5 
min, cooled then loaded into wells before the gd is run in the cold room at 120V until 
protein samples enter the separating gel, then at 240V. Separated proteins are transferred to 
Hybond-ECL nitrocellulose membranes (Amersham) using an electroblotter (Bio-Rad), 

20 according to manufacturer's instructions. 

Membranes are rinsed in TBST buffer (10 mM Tris-HQ pH 8.0, 150 mM NaCl, 0.05% v/v 
Tween 20) then blodced in a dish in TBST with 5% w/v skim milk powder plus 
phosphatase inhibitors (1 mM Na4P207, 10 mM NaF, 20 ^M Na2Mo04, 1 mM Na3V04). 

25 Membranes are incubated in a small volume in TBST with 2.5% w/v skim milk powder 
plus phosphatase inhibitors containing a mouse monoclonal antibody against the BC!D of 
HER-2 (Transduction Laboratories, NeoMatkers) diluted 1:4000. Membranes are washed 
three times for 10 min in TBST witii 2.5% w/v skim milk powder plus phosphatase 
inhibitors. Membranes are incubated in a small volume in TBST with 2.5% w/v skim milk 

30 powder plus phosphatase inhibitors containing the horse radish peroxidase conjugated 
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secondary antibody dilated 1:1000. Membranes are washed tbree times for 10 min in 
TBST with 2.5% w/v skim milk powder plus phosphatase inhibitors. 

The presence of HER-2 protein is detected using the ECL luminol-based system 
5 (Amersham), according to manu&cturer's instructions. Stripping of membranes for 
detection of a second control protein is done by incubating membranes for 30 min at 5S^C 
in 100 ml of strippmg buflfer (62 mM Tris-HCl pH 6.7, 2% w/v SDS, 100 mM fredily 
prepared 2-meicaptoethanol). 

10 EXAMPLE 19 

Co-suppression ofBm-2 in MM96L melanoma cells in vitro 

The Bm-2 transcription factor belongs to a class of DNA binding proteins, termed Oct- 
factors, which specifically interact with tibie octamer control sequence ATGCAAAT. All 

15 Oct'&ctors belong to a family of proteins that was origizudly classified on the basis of a 
conserved region essential for sequence-specific, hi^ afBnity DNA binding termed the 
POU domain. The POU domain is present in Aree nuomnalian transcription &ctors, Pit-1, 
Oct-1 and Oct-2 and in a developmental control gene in C. elegans, unc'86. Additional 
POU proteins have been described in a number of species and these are expressed in a cell- 

20 lineage specific manner. The bm-2 gene appears to be involved in the development of 
neuronal pathways in the embryo and the Bm-2 protein is present in the adult brain. 
Electromobility shift assays (EMS As) of nuclear e^ctracts fixxcn cultured mouse neurons and 
fiom tumours of neural crest origin have detected a number of Oct-factox proteins. These 
include N-Oct-2, N-Oct-3, N-Oct-4 and N-Oct-5. It has been shown that N-Oct-2, N-Oct-3 

25 and N-Oct-5 are also differentially expressed in human melanocytes, melanoma tissue and 
melanoma cell lines, all derived fix>m the neural crest lineage. The bm'2 genomic locus is 
known to encode the N-Oct-3 and N-Oct-5 DNA binding activities. N-Oct-3 is present in 
all melanoma cells tested so far including the MM96L line employed in these e3q>eriments. 
When e:q>ression of Bm-2 protein is blocked, N-Oct-3 DNA-binding activity is lost, and 

30 there are additional downstream effects including changes in cell morphology, a loss of 
expression of elements of the melanogenesis/pigmentation pathway and losses of neural 
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crest markers and other markers of fhe melanocytic lineage. Melanoma cells ivithout Bm-2 
are no longer tumorigenic in immnnodeficient mice (Thomson et al.y 199S). 

i. Culturing of cell Unes 

5 

Cells of the MM96L line, derived &om human melanoma, were grown as adherent 
monolay^ in RPMI 1640 medium siq>plemented with 10% v/v FBS and 2 mM L- 
glutamine, as described in ^cample 10, above. 

10 Z Preparation of genetic constructs 

(a) Interim plasmid 
Plasmid TOPO.BRN'2 

IS A region of the human Bm'2 gene was amplified by PGR, using a human Bmr2 genomic 
clone, using the primers:- 

bml: AGA TCT GAC AGA AAG AGO GAG CGA GGA GAG [SEQ ID NO:17] 

and 

20 bin4: GGA TTC AGT GCG GGT CGT GGT GCG CGC CTG [SEQ ID NO:18], 

The anq)lification product was cloned into pCR (registered trademark) 2.1-TOPO to create 
the intemiediate clone TOPO J3KN-2. 

25 (b) Test plasmid 

Plasmid T>CMV,BRN2.BGI2,2NRB 

Plasmid pCMV.BRN23GI2.ZNRB (Figure 22) contaios an inverted repeat or palindrome 
of the BRN-2 coding region that is interrupted by the insertion of &e human P-globin 
30 intron 2 sequence therein. Plasmid pCMV3RN2.BGI2.2NRB was constructed in 
successive steps: (i) the BRN2 sequence Smn plasmid T0P03RN2 was sub-cloned in the 
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sense orieotadon as a BgnL-tCh-BaniHl fiagment into Ag/U-digested p(3MV.BGI2xass 
(Example 11) to make plasmid pCMV3KN2£Gn), and (ii) the BSN2 sequence &om 
plasmid TOPO.BRNZ was sub-cloned in the antiseose orientation as a BgHLto-BamHl 
firagment into ^amHI-digested pCMV.BRN2£GI2 to make plasmid 
5 pCMVJBRN2.BGI2.2NRB. 

5. Detection ofco^suppression phenotype 

(a) Transfection of Bm-2 constructs: Insertion of Bm2-expressing transgene into 
10 MM96L cells 

Transfomiations were perfomied in 6-well tissue culture vessels. Individual wells were 
seeded with 1x10^ MM96L cells in 2 ml of RPMI 1640 medium, 10% v/v FBS and 
incubated at 37**C, 5% v/v CO2 until the monolayer was 60-90% confluent, typically 16 to 
15 24 hr. 

Subsequent procedures were as described above in Example 13, 3(aX except that MM96L 
cells were incubated with the DNA liposome complexes at 37**C and 5% vAr CO2 for 3 to 4 
hr, only. 

20 

A total of 36 lines transformed with flie construct pCMV.BRN2SGI2.2NRB were chosen 
for subsequent analyses. 

(b) Post-transcriptional silencing of Bm'2'expressmg transgene in MM96L cells 

25 

Clones with features of PTGS of Bm-2 derived fiom MM96L cells stably transfected with 
the construct were selected on the basis of morphological changes fiom the phase bright, 
bipolar and multidendritic cell type common to melanocytes to a low contrast (LC), 
rounded sh^e which is distinct and easily identified. Cells arising fiom such LC clones are 
30 subjected to analysis by electromobility shift assay (EMSA, see bdow) to identify 
presence or absence of N-Oct-3 activity. Additional testing is based on ttie loss of 
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pigmentadon. Cells of LC clones ate stained for flie presence of melanin using fhe 
modified Schmorrs method for staining of fhe pigment biopolymer, as described in 
l^ample 14, above. Clones that fulfil all criteria - (i) LC morphology; (ii) absence of N- 
Oct-3 DNA binding activity, and (iii) loss of pigmentation - undergo direct testing of 
S PTGS via nuclear transcription run-on assays. 

To isolate lines for fiuiher analyses, lines showing altered morphology were selected and 
sub-clones of these lines were obtained by plating the parental clones at low density and 
picking clones showing altered morphology using techniques outlined above (see Example 
10 10). The sub-clones chosen for fin^ho: analyses were MM96L 2.1.1 and MM96L 3.19.1. 

4. Anafysis by nuclear transcription run-^n assays 

To estimate transoiption rates of the endogenoxis BSN-2 gene in MM96L cells and the 
IS transformed lines MM96L 2.1.1 and MM96L 3.19.1, nuclear transcription run-on assays 
are performed on nuclei isolated fix)m actively dividing cells. The nuclei are obtained 
according to the cell nuclei isolation protocol set forth in Example 10, above, and 
transcription run-on transcripts are labelled witii biotin and purified nging streptavidin 
capture as outlined in Bxanq>le 10. 

20 

To determine the transcription rate of the endogoious BRN-2 gene in the above cell lines, 
the amount of biotin-labelled BKN-2 transcript isolated from nuclear run-on assays is 
quantified using real time PCR reactions. The relative transcription rates of the endogenous 
BRN-2 gene is estimated by corq>aring the level of biotin-labelled BRK-2 RNA to the 
25 level of a ubiquitously-expressed mdogenous transcript, namely human glyceraldehyde 
phosphate dehydrogenase (GAPDH). 

The levels of expression of botii the endogenous BRN-2 and human GAPDH genes are 
determined in duplex PGR reactions. 
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5. Comparison of mRNA in non-transformed and co-suppressed lines 

Messenger KNA for the endogenous Bm-2 gene and KNA transcribed fix>m the transgene 
BKN2.BGI2.2NRB are analyzed according to flie protocols set fordi in Example 10, above. 

5 

To obtain accurate estimates of BRN-2 noBNA levels in MM96L and transformed lines, 
real time PGR reactions were employed Results fiom these analyses are shown in Table 
11. 

10 TABLE 11 





: and GAFtiB. inRN> 
'OUgo-dT::Puiified^totaI.] 


Ll^els in . ' 

RNAs' 


Rc^lative Jevels oif 
BJElN-2lniRNA 




QTYR 


CtGAPDH 


ACt 




MM96L 


33.1 


22.7 


10.4 


1.00 


MM96L 2.1.1 


33.2 


22.5 


10.7 


0.83 


MM96L 3.19.1 


32,1 


22.6 


9.5 


0,89 



These data show that the levels of BRN-2 mRNA (as poly(A)RNA) in two transformed 
lines with reversion phenotype, MM96L 2.1.1 and MM96L 3.19.1, are not significantly 
. 15 dififerent from the level of BRN-2 mRNA in non-transformed MM96L cells, 

du Southern analysis 

Individual transgenic MM96L cell lines are analyzed by Southern blot analysis to confirm 
20 integration and determine copy number of the transgene. The procedure is carried out 
according to the protocol set forth in Example 10, above. 

7. ElectromobilUy shift assay (EMSA) 

25 To prepare nuclear and cytoplasmic extracts, 2x10^ cells are plated in a 100 Tnm TC dish 
and grown overnight. Before harvesting cells, the TC dish is put on ice, tiie medium 
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aspirated conqpletely and ceUs washed twice with ice cold PBS. A volume of 700 )il PBS is 
added and cells scraped off the plate and the suspension transferred to a 1.5 ml microfiige 
tube. The plate is rinsed with 400 ^1 ice cold PBS and ^s is added to the tube. All 
subsequent work is done at 4°C. The cell suspension is centcifuged at 2,500 rpm for 5 Tnin 
5 and the siq>€matant removed. A volume of 150 fxl HWB solution [10 mM HEPES pH 7.4, 
1.5 mM MgCl2» 10 mM KCl^ protease inhibitors (Rodie), 1 mM sodium or&ovanadate and 
phosphatase inhibitors comprising 10 mM NaF, 15 mM Na2Mo04 and 100 pM Na3V04] is 
added to the pellet and ceUs resuspended with a pipette. Cell swelling is checked at this 
point A volume of 300 jil LB solution [10 mM HEPES pH 7.4, 1.5 mM MgCb, 10 mM 
10 KCl, protease inhibitors (Roche), 1 mM sodium orthovanadate and phosphatase inhibitors 
and 0.1% NP-40] is added and cells left on ice for 5 min. Cell lysis is checked at this point 
The tube is spun at 2500 ipm for 5 min and the supernatant transfCTied to a new tube. The 
pellet, which comprises the cell nuclei, is retained. 

15 Nuclei are washed by resuspension in 800 jil of HWB solution, then the tube is spun at 
2,500 ipm for 5 min. The supernatant is removed and the nuclei are resuspended in 150 )xl 
NEB solution [20 mM HEPES pH 7.8, 0.42 M NaO, 20% v/v glycerol, 0.2 mM EDTA, 
1.5 inM MgCl2» protease inhibitors, 1 mM sodium orthovanadate and phosphatase 
inhibitors] and left on ice for 10 min. The tube is spun at 13,000 ipm to pellet nuclear 

20 r^mants, then the supernatant, which is the nuclear extract, is removed. A small aliquot of 
each nuclear extract is retained for determination of protein concentration by the 
colorimetric Bradford assay (Bio-RaiQ. The remainder is stored at -70''C. NEB solution is 
stored and used to dilute extracts for woxking concentrations. 

25 The double-stranded DNA probes used for EMSA of N-Oct-1 and N-Oct-3 were as 
follows:- 

clone 25 GCATAATTAATGAATTAGTG [SEQIDNO:19] 
CGTATTAATTACTTAATCAC 

30 
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Oct-WT 



GAAGTATGCAAAGCATGCATCTC 



[SEQIDNO:20] 



CTTCATACGTTTCGTACGTAGAG 



Oct-d^m8 



GAAGTAAGGAAAGCATGCATCTC 



[SEQIDNO:21] 



5 



GTTCATTCCTTTCGTACGTAGAG 



The clone 25 probe has a high afBnity for Oct-1 axid N-Oct-3. The sequence was selected 
for these properties fix>m a panel of randomly-generated double stranded oligonucleotides 
(Bendall et al, 1993). The probe Oct-WT was derived from the SV40 enhancer sequence 
10 and contains a consensus octamer binding site ^^ch has been mutated in the Oct-<^m8 
probe (Sturm et al, 1987; Thomson et al, 1995). 

Probes are labelled with [y-^^P]-ATP. The probes are diluted to 1 |iM and 5 fil is incubated 
at 37°C for 1 hr in 1 X polynucleotide kinase ^NK) buffer (Roche), 2 ^l [y-^^P]-ATP (10 
15 mCi/ml, 3000 Ci/mmol, Amersham) with 1 ^ T4 PNK (10 U/^1 (Roche)) btought to a 
volume of 20 ^1 with MilliQ water. The reaction is diluted to 100 ^1 with TE buffer (see 
Example 10) and run through a Sephadex G25 column Qiwp colmnn (Roche)) with TE. 
Approximately 4.5 pmol of labelled probe is recovered at a concentration of 0.15 pmol/(il. 
Labelled probes are stored at -20^C. 



Binding reactions of probe and extracts are done in 10 ^1 volumes comprising 12% v/v 
glycerol, 1 x binding buffer (20 mM HEPES pH 7.0, 140 mM KCl), 13 mM NaCl. 5 mM 
MgCl2, 2 ^1 labelled probe (0.04 pmol), 1 |xg protein extract, MilliQ water and, \^er6 
indicated, unlabelled probe competitor. The order of addition is usually competitor or 
25 water, labelled probe, protein extract. One tube is prepared widiout a protein sample but 
with 2 ^1 PAGE loading dye (see Example 10). 

Binding reactions are incubated for 30 min at room temperature before 9 [tl is loaded into 
the wells of a Mini-Protean (Bio-Rad) s^aratus prepared with a 7% aoylamide: 
30 bisacrylamide 29:1 Tiis-glycine geL The 1 x gel and 1 x gel running buffer are diluted 
from 5 X stocks, respectively, 0.75 M Tiis-HCl pH 8.8 and 125 mM Tris-HQ pH 8.3, 0.96 



20 
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Mglycin^ 1 mM EDTA pH 8. Gels are nm at 10 V/cm, fbced in 10% v/v acetic acid for IS 
mm, transferred to Whatman 3MM p^er and dried before exposure of X-ray film for 16- 
48 hr, 

5 EXAMPLE 20 

Co^ppression of YB-1 and p53 m Murine Type BIO^ and Pom 212 cells in vitro 

L (Jutturing of cell lines 

10 B10.2 cells derived fixun murine fibrosarcoma and Pam 212 cells derived firom murine 
epidermal keratinocytes were grown as adherent monolayers using either RPMI 1640 or 
DMEM supplemented with 5% v/v FBS, as described in Example 10, above. 

2. Preparation of genetic constructs 

15 

(a) Interim plasmids 
PlasmidTOPO.YB-1 

To amplify a region of the mouse YB-1 gene, 25 ng of a plasmid done containing a mouse 
20 YB-1 cDNA (obtained fcom Genesis Research & Development Corporation, Auckland 
NZ) was used as a substrate for PGR anq>lification using the primers:- 

Yl: AGA TCT GCA GCA GAG CGT AAC CAT TAT AGG [SEQ ID NO:22] 

and 

25 Y4: GGA TCC ACC TTT ATT AAC AGG TGC TTG CAG [SEQ ID NO:23]. 

The PGR amplification was performed usiog HotStaiTaq DNA polymerase according to 
the manu&cturer's protocol (Qiagen). PGR amplification conditions involved an initial 
activation step at 95^G for 15 mins, followed by 35 amplification cycles of 94°G for 30 
30 sees, 5S''C for 30 sees and 72''C for 60 sees, with a final elongation step at 72*^G for 4 
mins. 
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The PCR amplified region of YB-1 was column purified (PGR purification column, 
Qiagen) and fhen cloned into pCR (revered trademaik) 2.1-TOPO according to the 
manu&cturer's instructions (Invitrogen), to make plasmid TOPO.YB-1. 

5 

Plasmid TOPO.D53 

To amplify a region of the mouse pS3 gene, 25 ng of a plasmid clone containing a mouse 
p53 cDNA (obtained fimn Genesis Research & Development Corporation, Auckland KZ) 
was used as a substrate for PCR amplification using the primers:- 

10 

P2: AGA TCT AGA TAT CCT GCC ATC ACC TCA CTG [SEQ ID NO:24] 

and 

P4: GGA TCC CAG GCC CCA CTT TCT TGA CCA TTG [SEQ ID NO:25]. 

IS The PCR anq)lification was performed using HotStarTaq DNA i)olymerase according to 
the manu&cturer's protocol (Qiagen). PCR amplification conditions involved an initial 
activation step at 95®C for 15 mins, followed by 35 amplification cycles of 94®C for 30 
sees, 55**C for 30 sees and 72*'C for 60 sees, with a final elongation stq) at 72*'C for 4 
mins. 

20 

The PCR amplified region of p53 was column purified QPCR purification column, QiagCT.) 
and flien cloned into pCR (registered trademaik) 2.1-TOPO accoiding to the 
manufacturer's instructions (Invitrogen), to make plasmid TOPO.p53. 

25 Plasmid TOPO.YBJ.p53 

To create a construct fiising YB-1 and p53 cDNA sequences, ttie murine YB-1 sequence 
fiom TOPO.YB-1 was isolated as a Bgin-to-BamHI firagment and cloned into the BamHl 
site of TOPO.p53. A clone in which the YB-1 insert was oriented m the same sense as the 
p53 sequmce was selected and designated TOPO.YBl.p53. 



wo 01/70949 



PCT/AUOl/00297 



-117- 

(b) Testplasmids 
Plasmid pCMV. YBl.BGn.lBY 

Plasmid pCMV.YB13GE.lBY (Figure 23) is capable of transcribing a region of the 
S murine YB-1 gene as an inverted repeat or palindrome fhat is interrupted by fhe human P- 
globin intron 2 sequence fherein. Plasmid pCMV-YBlJBGI2.1BY was constructed in 
successive steps: (i) the YB-1 sequence fiom plasmid TOPO.YB-1 was sub-cloned in the 
sense orientation as a BglOrXo-BaniHl fiagment into £^fll-digested pCMV3GI2 to make 
plasmid pCMV.YB13GI2, and (ii) the YB-1 sequence &om plasmid TOPO.YB-1 was 
10 sub-cloned in the antisense orientation as a BglUrUy-BamHL fiagment into ^amHI-digested 
pCMV.YBLBGE to make plasmid pCMV.YB13GI2.lBY, 

Plasmid vCAfV. YBl.v53.BGI2. 35n. IBY 

Plasmid pCMV.YBl.p53JBGI2.35p.lBY (Figure 24) is capable of expressing fused 
15 regions of Ihe murine YB-1 and p53 genes as an inverted repeat or palindrome that is 
interrupted by tiie human p-gjobin intron 2 sequence tiierein. Plasmid 
pCMV.YBl.p53.BGI2.35p.lBY was constmcted in successive steps: (i) the YB-l.p53 
fusion sequence fix>m plasmid TOPO.YBl.p53 was sub-cloned in Ihe sense orientation as a 
BgULAO'BamHl fiagment into ^^ill-digested pCMVJBGIZ to make plasmid 
20 pCMV.YBl.p53.BGI2, and (ii) the YB-l.p53 ftision sequence fiom plasmid 
TOPO.YBl.p53 was sub-cloned in the antisense orientation as a JBgiH-to-^aifiHI fiagment 
into -BamHI-digested pCMV.YBl.p53JBGI2 to make plasmid 
pCMV.YBl.p53.BGI2.35p.lBY. 
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5. Detection of ctHsuppression phenotypes 

(a) Post'transcriptional gene silencing of YB-l by insertion of a region of the YB-l 
gene into murine fibrosarcoma B10.2 cells and murine epidermal keratinocyte 
5 Pam 212 cells 

YB-1 (Y-box DNA/RNA-binding factor 1) is a transaiption &ct0r that binds, inter alia, to 
the promoter region of the pS3 gene and in so doing represses its expression. In cancer 
cells that express normal pS3 protein at nomial levels (some 50% of all human cancm), 
10 the expression of p53 is mider the control of YB-1, such that diminution of YB-1 
expression results in increased levels of p53 protein and consequent ^optosis. The murine 
cell lines B10.2 and Pam 212 are two such tumorigenic cell lines with, normal pS3 
expression. The expected phenotype for co-suppression of YB-1 in these two cell lines is 
spoptosis. 

15 

Transformations with pCMV.YB13GI2.lBY were performed in 6 well tissue culture 
vessels. Individual wells were seeded with 3.5 x 10^ cells (B10.2 or Pam 212) in 2 ml of 
RPMI 1640 orDMEM, 5% v/vFBS and incubated at 37**C, 5% vAr CO2 for 24 hr prior to 
transaction. 

20 

The two mixes used to prepare transfection medium were: 

Mix A : LS ^1 of LepofectAMINE 2000 (trademark) Reagent (life Technologies) 

in 100 (il of QFn-MEM I (registered trademark) medium (life 
2S Technologies), incubated at room ten^erature for S min; 

MixB : 1 id (400 ng) of pCMV.YBl.BGI2.lBY DNA in 100 jil of Qph-MEM I 

(registered Irademaik) medium. 



30 



After preliminary incubation. Mix A was added to Mix B and the mixture incubated at 
room teoiperature for a further 20 min. 
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Medium overlaying each cell culture was replaced witii 800 \il of fresh medium and 200 |il 
of transfection mix added Cells were incubated at 37®C, 5% v/v CO2 for 72 hr. 

S Duplicate cultures of bofli cell types (Bl 0.2 and Pam 212) were transfected. 

Cells were suspended with trypsin, ceatrifiiged and resuspended in PBS according to the 
protocol described in Example 10. 

10 live and dead cell numbers were detennined by tiypan blue staining (0.2%) and counting 
in quadruplicate on a haemocytometer slide. Results are presented in Figures 25 A, 2S2B, 
2SC and 2SD (refer to the Figure legends for details). 

(b) Post-transcriptional gene silencing of and p53 by co-insertion of regions of 
15 the YB'-l and p53 genes into murine fibrosarcoma B10.2 cells and murine 

epidermal keratinocyte Pam 212 cells 

The data presented in Figures 25A, 25B, 25C and 25D show ttiat cell death is increased in 
B10.2 and Pam 212 cells following insertion of a YB-1 construct designed to induce co- 
20 suppression of YB-1, consistent with induction of co-siq)pression. Simultaneous co- 
suppression of pS3, which is responsible for initiating the apoptotic response in these cells, 
would be e>cpected to eliminate excess cell death by apoptosis. 

Transformations with pCMV.YBl.p53JBGI2.35p. IB Y were p^formed in 6 well tissue 
25 culture vessels. Individual wells were seeded with 3.5 x 10"* cells CB10.2 or Pam 212) in 2 
ml of RPMI 1640 or DMEM, 5% v/v FBS and incubated at 37^C, 5% y/v CO2 for 24 hr 
prior to transfection. 

The two noixes used to prepare transfection medium were:- 

30 
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Mix A : 1.5 [il of LipofectAMINE 2000 (trademaric) Reagent in 100 (il of Ofh- 

\ MEM I (registered trademaik) medium, incubated at room temperature for S 

min; 

5 MixB : 1 (il (400 ng) of pCMV.YBl.p53-BGI2.35p.lBY DNA in 100 fil of Qpn- 

MEM I (registered trademadc) medium. 

After preliminary incubation. Mix A was added to iSx B and the mixture incubated at 
room temperature for a further 20 min. 

10 

Medium overlaying each cell culture was replaced with 800 fil of fresh medium and 200 (xl 
of transfection mix added. Cells were incubated at ST'^C, 5% v/V CO2 for 72 hr. 

Cells were suspended with trypsin, centrifuged and resuspended in PBS according to the 
15 protocol described in Example 10. 

live and dead cell numbers were determined by trypan blue staining (0.2%) and counting 
in quadruplicate on a haemocytometer slide. Results are presented in Figures 25A, 252B, 
25C and 25D (refer to the Figure Legends for details). 

20 

(c) Control: Insertion of GFP into murine fibrosarcoma BJ0.2 cells and murine 
epidermal keratinocyte Pom 212 cells 

Transformations with pCMV£GFP were performed in 6 well tissue culture vessels. 
25 Individual wells were seeded witii 3.5 x K/* cells (B10.2 or Pam 212) in 2 ml of RPMI 
1640 or DMEM, 5% v/v FBS and incubated at 37°C. S% v/v CO2 for 24 hr prior to 
transfiectiQn. 

The two mixes used to prepare transfection medium were:- 
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Mix A : 1.5 jil of LipofectAMINE 2000 (trademaA) Reagent in 100 (xl of Opti- 

MEM I (registered trademark) medium, incubated at room temperature for 5 
min; 

5 MixB : 1 \il (400 ng) of pCMVJBGFP DNA in 100 jil of Opn-MEM I (registered 

trademark) medium. 

After preliminary incubation. Mix A was added to Mix B and the mixture incubated at 
room tenq>erature for a further 20 min. 

10 

Medium overlaying each cell culture was rq>laced with 800 pi of firesh medium and 200 \il 
of transfection mix added. Cells were incubated at 37**C, 5% v/v CO2 for 72 hr. 

Cells were suspended with trypsin, centriftiged and resuspended in PBS according to the 
1 S protocol described in Example 10. 

Live and dead cell numbers were determined by trypan blue staining (0.2%) and counting 
in quadruplicate on a haemocytometer slide. Results are presented in Figures 25 A, 2S2B, 
25C and 25D (refer to the Figure Legends for details). 

20 

(d) Control: Attenuation of YB-l phenotype by insertion of a decoy Y-box 
oligonucleotide into murine fibrosarcoma B10.2 cells and murine epidennal 
keratinocyte Pam 212 cells 

25 The role of YB-lin repressing pS3-initiated £qK>ptosis in BIOJZ and Pam 212 ceUs has been 
demonstrated by relieving the repression in two ways: (i) transfiection with YB-1 antisense 
oligonucleotides; (ii) transfection with a decoy oligonucleotide tiiat corresponds to the Y- 
box sequence offhe p53 promoter. The latter was used as a positive control in the present 
exanqple. 

30 
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Transfoimations with YBl decoy and a control (non-specific) oligonucleotide were 
performed in 24 well tissue culture vessels. Individual wells were seeded with 3.S x 10^ 
cells (B10.2 or Pam 212) in 2 ml of KPMI 1640 or DMEM, 5% vAr FBS and incubated at 
BT^'C, 5% vA^ CO2 for 24 hr prior to transfection. 

5 

The two mixes used to prepare transfection medium were:- 

Mix A : 1.5 \il of lipofectm (trademaik) Reagent (life Technologies) in 100 |xl of 

Opti-MEM I (re^jistared trademaik) medium, incubated at room 
10 temperature for 30 min; 

MixB : 0.4 yd (40 pmol) of oligonucleotide (YBl decoy or control) in 100 fil of 

OFn-MEM I (registered trademark)medium. 

15 After preliminary incubation. Mix A was added to Mix B and the mixture incubated at 
room temperature for a ftuther IS min. 

A no-oligonucleotide (lipofectin (tradraiark) only) control was also prepared. 

20 Cells were washed in serum-fiee medium (Optimem) and transfection mix added. Cells 
were incubated at 37*^C, 5% v/v CQ2 for 4 hr, after which medium was replaced with 1 ml 
of RPMI containing 10% vAr FBS and incubation continued overnight (18 hr). 

Cells were suspended with trypsin, centrifiiged and resuspended in PBS according to the 
25 protocol described in Exanqile 10. 

Live and dead cell numbers were determined by trypan blue staining (0.2%) and counting 
in quadrupUcate on a haemocytometer slide. Results are presented in Figures 25A, 252B, 
2SC and 25D (refer to the Figure Legends for details). 
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Those skilled in fhe art will ^reciate that the inventloii described herein is susceptible to 
variations and modifications other than those specifically desoibed. It is to be understood 
that die invention includes all such variations and modifications. The invention also 
includes all of the steps, features, compositions and compounds referred to or indicated in 
5 this specification, individually or collectively, and any and all combinations of any two or 
more of said steps or features. 



\ 
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CLAIMS 

1. A genetic coxistruct conq)risiiig a sequence of nucleotides substantially 
identical to a target endogenous sequence of nucleotides in the genome of a vertebrate 
animal cell wherein upon introduction of said genetic construct to said animal cell, an 
RNA transcript resultu^ fiom transaiption of a gene compnsing said endogenous target 
sequCTce of nucleotides exhibits an altered capacity for translation into a proteinaceous 
product 

2. A genetic construct according to Claim 1 wherein tiie vertebrate animal cell 
.is fiom a mammal, avian species, fish or reptile. 

3. A genetic construct according to Claim 2 wherein the vertebrate animal cell 
is from a mammal. 

4. A genetic construct according to Claim 3 wherein the mammal is a human, 
primate, Uvestock animal or laboratory test animal. 

5. A genetic constmct according to Claim 4 wherein the mammal is a murine 
species. 

6. A genetic construct according to Claim 4 wherein the Tnammal is a human. 

7. A gCT.etic construct according to Claim 1 wherein the construct further 
comprises a nucleotide sequence conqplementary to said target endogenous nucleotide 
sequence. 

8. A genetic construct according to Claim 7 wherein the nucleotide sequences 
identical and complementary to said target endogenous nucleotide sequmces are separated 
by an intron sequence. 
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9. A geaetic construct according to Claim 8 wherem the intron sequence is an 
intron fix>m a gene encoding j3-globin. 

10. A genetic construct according to Claim 9 wherein the /3-globin intron is 
human /3-globin intron 2. 

11. A genetic construct according to any one of Claims 1 to 10 wherein there is 
substantially no reduction in the level of transcription of said gene comprising the 
endogenous target sequence. 

12. A genetic construct according to any one of Claims 1 to 10 wherein the total 
level of RNA transcribed from said gene comprising said endogenous target sequence of 
nucleotides is not substantially reduced. 

13. A genetic construct conqprising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell; 

(ii) a suig;le nucleotide sequence substantially complementary to said 
target endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of 
(i)and(ii); 

wherein upon introduction of said construct to said animal cell, an RNA transcript 
resulting from transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered csqpacity for transcriptioiL 



14. A genetic construct according to Claim 13 wherein the vertebrate animal 

cell is from a mammal, avian species, fish or reptile. 
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15. A genetic construct accoiding to Claim 14 wherein the vertebrate animal 
cell is fix>m a n:iamn[iaL 

16. A genetic construct accoiding to Claim IS wherein the mairrnigl is a human, 
primate, livestock animal or laboratory test animal 

17. A genetic construct according to Claim 16 wherem the mammal is a murine 
species. 

18. A genetic construct according to Claim IS wherein the mamma] is ahumao. 

19. A genetic construct according to any one of Claims 13 to 18 wherdn there 
is substantially no reduction in the level of transcription of said gene con^irisii^ the 
endogenous target sequence. 

20. A genetic construct according to any one of Claims 13 to 18 wherein total 
level- of BNA transcribed fix>m said gene conq)rising said endogmous target sequ^ice of 
nucleotides is not substantially reduced. 

21 . A g^etic construct comprising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell; 

(ii) a nucleotide sequence substantially complemoitary to said target 
endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of 
(i)and^); 
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wherein upon iiitroduction of said construct to said animal cell, an KNA tzanscript 
resulting from transcription of a gme conq)rising said endogenous target sequence of 
nucleotides exhibits an altered csqpacity for translation into a proteinaceous product and 
wherein there is substantially no reduction in the level of transcription of said gene 
comprising the endogenous target sequence and/or total level of RNA transcribed fbom 
said gene conqnising said ^idogenous target sequence of nucleotides is not substantially 
reduced. 

22. A genetic construct according to Qaim 21 wherein the vertebrate animal 
cell is fix)m a mammal, avian species, fish or rq>tile. 

23. A genetic construct according to Claim 22 wherein the vertebrate animal 
cell is fiom a mammal. 

24. A genetic constmct according to Claim 23 wherein the ntiammal is a Tinmari^ 
primate, livestock aninoal or laboratory test animaL 

25. A genetic constmct according to Claim 24 herein the mammal is amurine 
species. 

26. A genetic constmct according to Claim 24 wherein the Tnaimnftl is a human. 

27. A genetically modified vertebrate animal cell characterized in that said cell:- 

(i) comprises a sense copy of a target endogenous nucleotide sequence 
introduced into said cell or a parent cell thereof; and 

(ii) comprises substantially no proteinaceous product encoded by a gene 
comprising said endogenous target nucleotide sequence compared to 
a non-genetically modified form of same celL 
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28. A genetically modified v^ebrate ammal cell according to Claim 27 
wherein the vertebrate animal cell is firona mamma], avian species, fish or zeptile. 

29. A genetically modified vertdsrate animal cell according to Claim 28 
wherein the vertebrate animal cell is fixim amammal. 

30. A genetically modified v^ebrate animal cell according to Claim 29 
wherein the mammal is a human, primate, livestock animal or laboratory test animal. 

31. A genetically modified vertebrate animal cell accordiag to Claim 30 
wherein flie mammal is a murine species. 

32. A genetically modified vertebrate animal cell according to Claim 30 
wherein the mammal is a human. 

33. A genetically modified vertebrate animal cell according to Claim 27 
wherein the construct fiirttier conq)rises a nucleotide sequence complementary to said 
target endogenous nucleotide sequmce. 

34. A genetically modified vertebrate animal cell according to Claim 33 
wherein the nucleotide sequences identical and con^ilementary to said target endogenous 
nucleotide sequences axe s^aiated by an intron sequoice. 

35. A genetically modified vertebrate animal cell according to Claim 34 
wherein the intron sequence is an intron &om a gene encoding iS-globin. 



36. A genetically modified vertebrate animal cell according to Claim 35 

wherein the jS-g^obin intron is human jS-globin intion 2. 
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37. A genetically modified vertebrate animal cell according to any one of 
Claims 27 to 36 wherein &ere is substantially no redaction in fhe level of transcription of 
said gene comprising the endogenous target sequence. 

38. A genetically modified vertebrate animal cell according to any one of 
Claims 27 to 36 wherein total level of RNA transcribed fix>m said gene conoprising said 
endogenous target sequence of nucleotides is not substantially reduced. 

39. A genetically modified vertebrate animal cell characterized in that said cell:- 

(i) comprises a sense copy of a target endogenous nucleotide sequence 
introduced into said cell or a parent cell thereof; 

(ii) conq>rises substantially no proteinaceous product mcoded by a gene 
conqnising said endogenous target nucleotide sequence compared to 
a non-genetically modified form of same cell; and 

(iii) conqpiises substantially no reduction in the levels of steady state 
total RNA relative to a non-genetically modified form of the same 
cell. 

40. A genetically modified vertebrate animal cell according to Claim 39 
wherein tiie vertebrate animal cell is fix>m a mammal, avian species, fish or reptile. 

41. A genetically modified vertebrate animal cell according to Claim 40 
wherein the vertebrate animal cell is fiom amammal. 



42. A gmetically modified vertebrate animal cell according to Claim 41 

wherein the mammal is a human, primate, livestock animal or laboratory test animal. 
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43. A genetically modified vertebrate animal cell according to Claim 42 
wherein the mammal is a murine species. 

44. A genetically modified vertebrate anitnal cell according to Claim 42 
wherein the mammal is a human. 

45. A genetically modified vertebrate aimnal cell according to Claim 39 
wherein the cell further comprises a nucleotide sequence complementary to said target 
endogenous nucleotide sequence. 

46. A genetically modified vertebrate animal cell according to Claim 39 
wherein the nucleotide sequences identical and conq>lementary to said target endogenous 
nucleotide sequences are separated by an intron sequence. 

47. A genetically modified vertebrate animal cell according to Claim 46 
wherein tiie intron sequence is an intron fiom a gene encoding /3-globin. 

48. A genetically modified v^ebrate animal cell according to Claim 47 
wherein tiie j3-globin intron is human jS-globin intron 2. 

49. A method of altering the phenotype of a vertebrate animal cell wherein said 
phenotype is conferred or otherwise fitdlitated by the expression of an endogenous gene, 
said method conq)risiag introducing a gmetic construct into said cell or a parent of said 
cell wherein the genetic construct comprises a nucleotide sequence substantially idratical 
to a nucleotide sequence comprising said endogenous gene or part thereof and wherein a 
transcript exhibits an altered capacity for translation into a proteinaceous product 
compared to a ceU without having had the genetic coiistmct introduced. 



50. A method according to Claim 49 wherein the vertebrate animal cell is from 

a mammal, avian species, fish or reptile. 



wo 01/70949 



PCT/AUOl/00297 



-134- 

51. A method according to Claim SO wherdn the vertebrate animal cell is fiom 
amammal« 

52. A method according to Claim 51 wherem the mfltnTnal is a human, primate, . 
livestock animal or laboratory test animal. 

53. A method according to Claim 52 wherein the TnamTtifll is a murine species. 

54. A method according to Claim 52 wherein the Tnamma] is ahuman. 

55. A method according to Claim 49 wherein the construct further comprises a 
nucleotide sequence complementary to said target endogenous nucleotide sequence. 

56. A method according to Claim 49 wherein the nucleotide sequences identical 
and complementary to said target endogenous nucleotide sequences are separated by an 
intron sequence. 

57. A method according to Claim 56 wherein the intron sequence is an intix)n 
from a gene encoding jS-globin. 

58. A method according to Claim 57 wherein the /3-globin intron is human /3- 
globin intron 2. 

59. A genetically modified animal con^rising the genetically modified 
vertebrate animal cells according to any one of Claims 27 to 38. 

60. A genetically modified animal comprising the genetically modified 
vertebrate animal cells according to any one of Claims 39 to 48. 



61- A genetically modified murine animal comprising a nucleotide sequence 

substantially identical to a target endogenous sequence of nucleotides in the genome of a 
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cell of said murine animal wherein an KNA transcript resulting bam transcription of a 
gene comprising said endogenous target sequence of nucleotides exhibits an altered 
capacity for translation into a proteinaceous product 

62. A genetically modified murine animal according to Claim 61 wherein the 
construct further comprises a nucleotide sequ^ce conq>lementary to said target 
radogenous nucleotide sequence. 

63. A genetically modified murine animal according to Claim 61 wherein the 
nucleotide sequences identical and complementary to said target endogenous nucleotide 
sequences are separated by an intron sequence. 

64. A genetically modified murine animal according to Claim' 63 wherein the 
intron sequence is an intron fix>m a gene encoding jS-globin. 

65. A genetically modified murine animal according to Claim 64 wherein the jS- 
globin intron is human /?-globin intron 2. 

66. A genetically modified murine animal according to any one of Claims 61 to 
65 wherein th^e is substantially no reduction in flie level of transcription of said gene 
comprising tiie endogenous target sequence. 

67. A genetically modified murine animal according to any one of Claims 61 to 
65 wherein total level of KNA transcribed fiom said gene conqnising said endo^nous 
target sequence of nucleotides is not substantially reduced. 

68. Use of a genetic construct coiz^>rising a sequence of nucleotides 
substantially identical to a target endogenous sequence of nucleotides in the genome of a 
vertebrate animal cell in the generation of an animal cell i^^dnorein an RNA transcript 
resulting firom transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product. 
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69. Use according to Claim 68 wherein fhe vertd>rate animal cell is fiom a 
mammal, avian species, fish or reptile. 

70. Use according to Claim 69 ^iierein tiie vertdirate animal cell is &om a 
mammal. 

71. Use according to Claim 70 wherein the mammal is a hmnan, primate, 
livestock animal or laboratory test animal. 

72. Use according to Claim 71 wherein the mammal is a murine species. 

73. Use according to Claim 71 wherein the mammal is afauman. 

74. Use according to Claim 68 wherein the construct further comprises a 
nucleotide sequence complementary to said target endogenous nucleotide sequence. 

75. Use according to Claim 74 wherein the nucleotide sequences identical and 
complementary to said target endogenous nucleotide sequences are sq>arated by an intron 
sequence. 

76. Use according to Claim 75 wherein tiie intron sequence is an intron from a 
gene encoding jS-g^obin. 

77. Use according to Claim 76 wherein the jS-globin intron is human iS-globin 
intron 2. 

78. Use according to any one of Claims 68 to 77 wherein there is substantially 
no reduction in the level of transcription of said gene comprising the endogenous target 
sequence. 
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79. Use accorduig to any one of Claims 68 to 77 wherein total level of BNA 
transcribed fiom said gene comprising said endogenous target sequmce of nucleotides is 
not substantially reduced. 

80. A method of genetic Ifaerspy in a vertebrate mmaii^ said method comprising 
introducing into cells of said animal a construct comprising a sequence of nucleotides 
substantially identical to a target endogenous sequence of nucleotides in the genome of 
said animal cells such tiiat upon introduction of said nucleotide sequence, KNA transcript 
resulting fix>m transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product 

81. A method according to Claim 80 wherein tiie vertebrate animal is a 
mammal, avian species, fish or reptile. 

82. A method according to Claim 81 wherein the vertebrate animal is a 
mammal. 

83. A method according to Claim 82 wherein the mammal is ahuman, primate, 
livestock animal or laboratory test animal. 

84. A method according to Claim 83 wherdn the TnaTnnifll is a murine species. 

85. A method according to Claim 83 wherein the maimnal is a human. 

86. A method according to Claim 80 wherein said introduced nucleotide 
sequence further comprises a nucleotide sequence complementary to said target 
endogenous nucleotide sequence. 

87. A method according to Claim 86 whmin the nucleotide sequences identical 
and complementary to said target endogenous nucleotide sequences are separated by an 
intron sequence. 
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88. A method according to Claim 87 wherein the intron sequence is an intron 
from a gene encoding /^globin. 

89. A method according to Claim 88 wherekt the j3-globin intron is human j8- 
globin intron 2. 

90. A method according to any one of Claims 80 to 89 wherem there is 
substantially no reduction in the level of transcription of said gene comprising the 
endogenous target sequence. 

91. A method according to any one of Claims 80 to 89 wherein total level of 
RNA transcribed from said gene comprising said endogenous target sequence of 
nucleotides is not substantially reduced. 
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Figure 5 
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Figure 6 
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Figure 9C 



Figure 9D 
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Figure 10 
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Figure 11 
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Figure 12C 



Figure 12D 
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Figure 13 
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Figure 14 
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Figure 15 
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Figure 16 
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Figure 17 
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Figure 18 
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Figure 19 
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Figure 20C 



Figure 20D 
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Figure 22 
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Figure 24 
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SEQUEMTCE IiXSTXKG 

<X10> Benitec Australia Iibd 

The State of Queensland through its Department o£ Primary 
Industries 

<120> 6ENBTIC SXX^NCINQ 

<130> 2392557/EJH 

<140> Xntemationoil 
<141> 2001-03-16 

<150> AU PQ6363 
<151> 2000-03-17 

<150> AU PR2700 
<151> 2001-01-24 

<XSO> 25 

<170> Patentin version 3.0 

<2io> 1 

<211> 29 

<212> DNA 

<213> primer 

<400> 1 

gagctcttca gggtgagtct atgggaccc 29 
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ctgcaggagc tgtgggagga agataagag 
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<210> 3 

<211> 24 

<212> DNA 

<213> primer 

<400> 3 

tctccttacg cgtctgtgcg gtat 24 

<210> 4 

<211> 24 

<212> DMA 

<213> primer 
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<211> 30 

<212> DMA 

«:213> primer 

<400> 5 

cccggggctt agtgtaaaac aggctgagag 30 

<210> 6 

<211> 30 

<212> DKA. 

<213> primer 
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atgaggacac gtaggagctt cctg 
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<211> 39 

<212> DMA 

<213> primer 
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cggcagatcc taacaatggc aggacaaatc gagtacatc 39 

<210> 8 

<211> 29 

<212> DMA 

<213> primer 

<400> 8 

gggcggatcc ttagaaagaa tcgtaccac 29 

<210> 9 

<211> 20 

<212> DNA 

<2 13 > primer 

<400> 9 

gtttccagat ctctgatggc 20 

<210> 10 

<211> 20 

<212> DNA 

<213> primer 

<400> 10 

agtccactct ggatcctagg 20 
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<213> primer 
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cacagacaga tctcttcagg 
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<212> VNA 

<213> primer 
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<210> 13 

<211> 30 

<212> DNA 

<213> primer 
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<213> primer 
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<213> primer 
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<212> DNA 

<213> primer 
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<210> 19 
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<212> DKA. 

<213> double -Stranded 
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<210> 20 
<211> 23 
<212> DNA 

<213> double -stranded 
<400> 20 

gaagtatgca aagcatgcat etc 23 

<210> 21 
<211> 23 
<212> DNA 

<213> double- stranded 
<400> 21 

gaagtaagga aagcatgcat etc 23 

<210> 22 

<211> 30 
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<213> primer 
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<213> primer 
<400> 24 

ggattcagtg cgggtcgtgg tgcgcgcctg 30 
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<213> primer 
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